Type 2 Diabetes in Children and Adolescents is supported by an educational
grant from Novo Nordisk Inc. It has been accredited by the American
Association of Diabetes Educators (AADE) for nurses, dietitians, and
pharmacists.

1

The following program is a recorded presentation by Carolyn Robertson.
Ms. Robertson is a certified diabetes educator (CDE) and board certified in Advanced
Diabetes Management (BC-ADM). She has more than 30 years of experience in diabetes
education in intensive/flexible diabetes management, with an active patient caseload for more
than 25 years. Ms. Robertson was a pioneer in the intensive management of diabetic
pregnancies with over 400 successful pregnancies, as well as an early pioneer in insulin pump
therapy. She also has expertise in both type 1 and type 2 diabetes management, glucose
sensors, and in the management of patients with kidney and pancreas transplantation.
At the present time, Ms. Robertson has a private practice (Customized Diabetes Education)
located in New York and California and serves as the Associate Director of a nonprofit
program. She is also on the editorial board of Diabetes Self-Management, a patient-oriented
magazine. Ms. Robertson remains actively involved in clinical research, consultation, and
mentoring. Ms. Robertson has been a local board member of both the Juvenile Diabetes
Research Foundation International and the American Diabetes Association (ADA). She has
published widely in peer-reviewed journals, trade journals, newsletters, as well as on the
Internet. Ms. Robertson lectures frequently to local, national, and international audiences of
health care professionals, patients, and the general public.
We’ll now join Ms. Robertson.
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The goal of this knowledge-based program is to provide participants with
current information about the presentation and management of type 2 diabetes
in children, adolescents, and young adults under 20 years of age.
Upon completing this activity, the participant should be able to:
• Review the epidemiology, risk factors for, and pathophysiology of youthonset type 2 diabetes
• Discuss effective strategies for preventing pediatric type 2 diabetes
• Describe evidence-based treatments for type 2 diabetes and its common
comorbidities in youth
• Summarize current approaches to preventing, diagnosing, and managing
the chronic complications of type 2 diabetes in youth
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Different organizations use different descriptors for the same racial or ethnic
group.
For example, descendants of indigenous North Americans may be described
as “Native Americans” or “American Indians.”
In this activity, we have kept the descriptor used by the study investigators or
authors.
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This activity focuses on type 2 diabetes mellitus (T2DM) in US youth. Unless
otherwise noted, we are defining “youth” as children, adolescents, and young adults
less than 20 years of age. Before the early 1990s, clinicians rarely encountered
pediatric patients with T2DM. Since then, however, the prevalence of youth-onset
T2DM has been rising steadily, paralleling the increasing prevalence of pediatric
obesity.
Data from the SEARCH for Diabetes in Youth (SEARCH) Study and the Pediatric
Diabetes Consortium Case Registry have shown that youth-onset T2DM in the US
disproportionately affects disadvantaged members of minority populations.
The increasing prevalence of pediatric T2DM is troubling, because youth-onset T2DM
is associated with greater mortality, more unfavorable cardiovascular disease (CVD)
risk factors, and more diabetes complications than is associated with pediatric type 1
diabetes (T1DM). Furthermore, youth-onset T2DM often has a more aggressive
clinical course than adult-onset T2DM.
Caprio S. Development of type 2 diabetes mellitus in the obese adolescent: a growing challenge. Endocr
Pract. 2012;18:791‒795.
Constantino MI, Molyneaux L, Limacher-Gisler F, et al. Long-term complications and mortality in youngonset diabetes: type 2 diabetes is more hazardous and lethal than type 1 diabetes. Diabetes Care.
2013;36:3863–3869.
Hamman RF, Bell RA, Dabelea D, et al. SEARCH for Diabetes in Youth Study Group. The SEARCH for
Diabetes in Youth Study: rationale, findings, and future directions. Diabetes Care. 2014;37:3336–3344.
Klingensmith GJ, Connor CG, Ruedy KJ, et al. Pediatric Diabetes Consortium. Presentation of youth with
diabetes in the Pediatric Diabetes Consortium. Pediatr Diabetes. 2015 May 8. [Epub ahead of print]
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Before 1992, it was rare for US pediatric centers to encounter children with
T2DM. However, as recent SEARCH Study Group estimates of the burden of
pediatric diabetes show, the situation is very different today. The data on this
slide are from 2009, the last year with complete data.
The table on the left, which reports the estimated diabetes frequency in 5-year
increments, shows that more than 167,000 youth had T1DM and more than
20,000 youth had T2DM. Note that T1DM frequency rose fairly steadily from
age 5 to 9 years through age 15 to 19 years. In contrast, there were no cases
of T2DM in children under the age of 5 years and very few cases in those
aged 5 to 9 years. Nearly three quarters of individuals with T2DM were in the
15- to 19-year age group.
The graph on the right shows the estimated prevalence of type 1 and type 2
diabetes per 1000 youth. T1DM was most prevalent in non-Hispanic whites
and least prevalent in American Indians/Alaskan Natives. Conversely, T2DM
was most prevalent in American Indians/Alaskan Natives and least prevalent in
non-Hispanic whites. The prevalence of T1DM was higher than that of T2DM
in all groups except for American Indians/Alaskan Natives. In that group, the
prevalence per thousand youth was 0.35 for T1DM and 0.63 for T2DM.
Pettitt DJ, Talton J, Dabelea D, et al. Prevalence of diabetes in U.S. youth in 2009: the SEARCH for
Diabetes in Youth Study. Diabetes Care. 2014;37:402–408.
Kaufman FR. Type 2 diabetes in children and young adults: a “new epidemic.” Clin Diabetes.
2002;20:217–218.
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In youth, as in adults, T2DM is characterized by insulin resistance and the
inability of pancreatic beta cells to maintain adequate compensatory insulin
secretion. Insulin resistance, which occurs primarily in liver, muscle, and fat
cells, has detrimental effects on glucose, protein, and lipid metabolism. Insulin
resistance also results in impaired endothelial function.

Inadequate insulin secretion leads first to postprandial hyperglycemia and later
to fasting hyperglycemia. Insulin secretory capacity continues to decrease over
time, eventually necessitating exogenous insulin replacement.

Dabelea D, Klingensmith GJ. Type 2 diabetes mellitus. In: Kappy MS, Allen DB, Geffner ME,
eds. Pediatric Practice: Endocrinology. New York: McGraw Hill Medical; 2010:367–381.
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Overweight and obesity are major risk factors for T2DM in youth, as in adults.
(Recall that overweight in youth is typically defined as a body mass index
[BMI] at or above the 85th percentile for age and gender, while obesity is
defined as a BMI at or above the 95th percentile.)
The graph compares the prevalence of overweight and obesity in the 2011–
2012 National Health and Nutrition Examination Survey (NHANES) cohort of
US youth without diabetes and in the SEARCH cohort of youth with T2DM.
The prevalence of obesity was 16.9% in youth without diabetes and 79.4% in
youth with T2DM, while the prevalence of overweight was 16.1% in youth
without diabetes and 10.4% in youth with T2DM. Thus, about 33% of US youth
without diabetes and nearly 90% of youth with T2DM are either obese or
overweight.
Experts agree that the dramatic increase in youth-onset T2DM over the past
several decades mirrors the greatly increased prevalence of pediatric obesity
that has emerged over the same period.
American Diabetes Association. Classification and diagnosis of diabetes. Sec. 2. Standards of
Medical Care in Diabetes—2015. Diabetes Care. 2015;38(Suppl 1):S8–S16.
Liu LL, Lawrence JM, Davis C, et al. SEARCH for Diabetes in Youth Study Group. Prevalence
of overweight and obesity in youth with diabetes in the USA: the SEARCH for Diabetes in
Youth study. Pediatr Diabetes. 2010;11:4–11.
Flint A, Arslanian S. Treatment of type 2 diabetes in youth. Diabetes Care. 2011;34(Suppl
2):S177–S183.

9

Youth-onset T2DM usually begins during puberty, thus, coinciding with the temporary
increase in insulin resistance occurring during the pubertal period. Although most
adolescents can adjust for this with a corresponding increase in insulin secretion, this
compensatory response is inadequate in some individuals, resulting in insulin
deficiency.
The insulin resistance that accompanies puberty is often associated with a steep
decline in physical activity. This is more marked in girls than in boys and is especially
pronounced in minority girls. With a sedentary lifestyle, children who are already
overweight or obese are at high risk of becoming obese or more severely obese. As
insulin resistance is linked to obesity, as well as to puberty, youth who are obese
during puberty have an especially high risk of developing T2DM.
Compared to adolescent boys, adolescent girls are more likely to develop T2DM and
to develop it at a younger age. Major reasons for this difference are that puberty and
pubertal insulin resistance typically begin a year earlier in girls and that, as mentioned
above, pubertal girls are less likely to be physically active than boys are.
Progressive beta-cell failure is a major feature of T2DM in both youth and adults.
However, youth-onset T2DM appears to be characterized by more rapid beta-cell
destruction than adult-onset disease is.
Dabelea D, Klingensmith GJ. Type 2 diabetes mellitus. In: Kappy MS, Allen DB, Geffner ME, eds.
Pediatric Practice: Endocrinology. New York: McGraw Hill Medical; 2010:367–381.
Mizokami-Stout K, Cree-Green M, Nadeau KJ. Insulin resistance in type 2 diabetic youth. Curr Opin
Endocrinol Diabetes Obes. 2012;19:255–262.
Gungor N, Bacha F, Saad R, et al. Youth type 2 diabetes: insulin resistance, β-cell failure, or both?
Diabetes Care. 2005;28:638–644.
Bacha F, Gungor N, Lee SJ, et al. Progressive deterioration of β-cell function in obese youth with type 2
diabetes. Pediatr Diabetes. 2013;14:106–111.
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The American Diabetes Association (ADA) has developed criteria for testing asymptomatic
youth for T2DM or prediabetes. Testing should be done in children 10 years of age or in
younger children who have experienced puberty if they are overweight and have two additional
major risk factors. (The ADA defines “overweight” as having a BMI greater than the 85th
percentile for age and gender, weight for height that is greater than the 85th percentile, or
weight that is greater than 120% of the ideal for height.)

Major risk factors in addition to being overweight are:
• Family history of T2DM in a first- or second-degree relative
• Native American, African American, Latino, Asian American, or Pacific Islander ethnicity or
race
• Signs of insulin resistance or conditions associated with insulin resistance. These include
acanthosis nigricans, hypertension, dyslipidemia, polycystic ovary syndrome (PCOS), or
small for gestational age birth weight
• Maternal history of diabetes or gestational diabetes mellitus during the child’s gestation
Besides these major risk factors identified by the ADA, lack of breastfeeding and vitamin D
insufficiency may also increase the risk of developing T2DM.
Testing for T2DM and prediabetes should be repeated every 3 years.
American Diabetes Association. Classification and diagnosis of diabetes. Sec. 2. Standards of Medical Care in
Diabetes—2015. Diabetes Care. 2015;38(Suppl 1):S8–S16.
Mayer-Davis EJ, Dabelea D, Lamichhane AP, et al. Breast-feeding and type 2 diabetes in the youth of three ethnic
groups: the SEARCH for Diabetes in Youth Case-Control Study. Diabetes Care. 2008;31:470–475.
Nsiah-Kumi PA, Erickson JM, Beals JL, et al. Vitamin D insufficiency is associated with diabetes risk in Native
American children. Clin Pediatr (Phila). 2012;51:146–153.
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This slide shows ADA diagnostic criteria for prediabetes and diabetes. These
criteria apply to both youth and adults.
As shown on the left, individuals are considered to have prediabetes if they
have impaired fasting glucose (IFG), defined as fasting plasma glucose (FPG)
ranging from 100 mg/dL to 125 mg/dL; impaired glucose tolerance (IGT),
defined as a 2-hour plasma glucose value in the 75-gram oral glucose
tolerance test (OGTT) of 140 mg/dL to 199 mg/dL; or an A1C of 5.7% to 6.4%.
For all 3 tests, the risk of diabetes is continuous, extending below the lower
limit of the range and becoming disproportionately greater at the higher ends
of the range. Individuals whose A1C is above 6.0% are considered to be at
very high risk for developing diabetes.
The ADA criteria for diagnosing diabetes are shown on the right. An individual
is considered to have diabetes if the A1C is ≥6.5%, FPG is greater than or
equal to 126 mg/dL, 2-hour plasma glucose is greater than or equal to 200
mg/dL during an OGTT, or a random plasma glucose value greater than or
equal to 200 mg/dL is detected in a patient with classic symptoms of
hyperglycemia or hyperglycemic crisis. Testing should be repeated if
hyperglycemia is not clearly present.
American Diabetes Association. Classification and diagnosis of diabetes. Sec. 2. Standards of
Medical Care in Diabetes—2015. Diabetes Care. 2015;38(Suppl 1):S8–S16.
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The differential diagnosis of type 1 or type 2 diabetes can be difficult. While it is sometimes
assumed that youth who are overweight or obese have T2DM, the SEARCH Study has shown
that overweight or obesity also affects about 35% of youth with T1DM, reflecting the
prevalence of overweight and obesity in the general population of US youth. The onset of
T1DM is usually acute, while that of T2DM is generally gradual. However, up to one quarter of
youth with T2DM are diagnosed when they present with ketosis or ketoacidosis.
T1DM often emerges before puberty, whereas the onset of T2DM is usually during or after
puberty. Until very recently, it was unusual for T2DM to emerge in a child less than 10 years of
age. Now, however, when puberty often begins at a younger age, more children are being
diagnosed with T2DM during the first decade of life.
The finding of acanthosis nigricans suggests that T2DM may be present, as this skin condition
occurs in at least 60% of youth with T2DM and is rare in those with T1DM. The predictive
value of acanthosis nigricans is reduced because it may be absent or hard to detect in lightly
pigmented youth. The presence of islet antibodies is a more reliable means of differentiating
type 1 from type 2 diabetes, because islet autoimmunity is infrequently detected in youth with
T2DM and is found in more than 90% of those with T1DM when multiple antibodies are tested.
Dabelea D, Klingensmith GJ. Type 2 diabetes mellitus. In: Kappy MS, Allen DB, Geffner ME, eds. Pediatric Practice:
Endocrinology. New York: McGraw Hill Medical; 2010:367–381.
Dabelea D, Pihoker C, Talton JW, et al. SEARCH for Diabetes in Youth Study. Etiological approach to
characterization of diabetes type: the SEARCH for Diabetes in Youth Study. Diabetes Care. 2011;34:1628–1633.
Liu LL, Lawrence JM, Davis C, et al. SEARCH for Diabetes in Youth Study Group. Prevalence of overweight and
obesity in youth with diabetes in the USA: the SEARCH for Diabetes in Youth study. Pediatr Diabetes. 2010;11:4–11.
Abraham C, Rozmus CL. Is acanthosis nigricans a reliable indicator for risk of type 2 diabetes in obese children and
adolescents? A systematic review. J Sch Nurs. 2012;28:195–205.
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As just mentioned, acanthosis nigricans occurs in at least 60% of youth with T2DM.
This is a hyperpigmented, light brown to black, velvety thickening of the epidermis
that generally results from hyperinsulinemia. It is frequently found in the axilla
(armpit), as shown on the slide. The posterior neck fold is another common site.
Acanthosis nigricans can also occur in the groin area and on the hands, elbows,
knees, and scalp. Mucosal surfaces are occasionally affected.
Even when it appears on the elbows and knees, acanthosis nigricans can usually be
distinguished from psoriasis, as psoriasis plaques are typically red and inflamed while
acanthosis nigricans plaques are not. In the rare cases when it is difficult to
distinguish acanthosis nigricans from psoriasis based on clinical features, the
conditions can be readily differentiated by histopathology.
The most effective treatments for acanthosis nigricans are weight loss and increased
physical activity. Topical antibiotics, retinoids, keratolytics, or topical corticosteroids
have sometimes been used, but these symptomatic treatments have not been
investigated in controlled clinical trials.
Dabelea D, Klingensmith GJ. Type 2 diabetes mellitus. In: Kappy MS, Allen DB, Geffner ME, eds.
Pediatric Practice: Endocrinology. New York: McGraw Hill Medical; 2010:367–381.
Abraham C, Rozmus CL. Is acanthosis nigricans a reliable indicator for risk of type 2 diabetes in obese
children and adolescents? A systematic review. J Sch Nurs. 2012;28:195–205.
Katz AS, Goff DC, Feldman SR, et al. Acanthosis nigricans in obese patients: presentations and
implications for prevention of atherosclerotic vascular disease. Dermatol Online J. 2000;6:1.
Blum CM, Goldman-Patin C, Hanham-Cain C. Managing diabetes: complications and comorbidities.
Chicago: American Association of Diabetes Educators; 2011.
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The most reliable way to distinguish pediatric T2DM from T1DM is by
determining whether the patient has __________.
a. obesity
b. ketosis or ketoacidosis

c. acanthosis nigricans
d. islet autoantibodies
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The correct answer is d.
The most reliable way to distinguish pediatric T2DM from T1DM is by
determining whether the patient has islet autoantibodies.
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Several major national initiatives are addressing the urgent challenge of obesity in US
children and adolescents by promoting improved nutrition and increased physical
activity. They include:
• Let’s Move!, sponsored by The White House, the US Department of Health and
Human Services, and other federal agencies
• We Can!, funded by the National Institutes of Health and the National Heart, Lung,
and Blood Institute (NHLBI)
• Healthy School Lunches Campaign, offered by the Physicians Committee for
Responsible Medicine
KidsHealth® is a comprehensive online resource sponsored by the Nemours
Foundation. It provides information about many health-related topics for youth,
parents, and educators. Among its offerings are extensive resources dealing with
nutrition and fitness.
Other initiatives and resources are included in the reference list for this activity.
Let’s Move: America’s Move to Raise a Healthier Generation of Kids. Website. Available at:
http://www.letsmove.gov/. Accessed April 29, 2015.
National Institutes of Health and National Heart, Lung, and Blood Institute. We Can! Ways to Enhance
Children’s Activity and Nutrition. Website. Available at:
http://www.nhlbi.nih.gov/health/educational/wecan/. Accessed April 29, 2015.
Physicians Committee for Responsible Medicine. Healthy School Lunches Campaign. Website. Available
at: http://www.pcrm.org/health/healthy-school-lunches. Accessed April 29, 2015.
KidsHealth® from Nemours: for Parents, for Kids, for Teens, and for Educators. Website. Available at:
http://kidshealth.org/. Accessed April 29, 2015.
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Until recently, few clinical studies have focused specifically on preventing T2DM in high-risk
youth. The Diabetes Prevention Program showed that lifestyle changes and metformin
treatment reduced the incidence of T2DM in high-risk adults, but the relevance of these
findings to youth is unknown.
Most of the prevention studies conducted in youth have been small, single-center
investigations. However, two larger studies have provided valuable information about the
prevention of youth-onset T2DM. The Metformin in Obese Children and Adolescents (MOCA)
Trial assessed the effects of 6 months of metformin treatment on BMI, insulin and glucose
levels, and metabolic risk factors in obese youth. The HEALTHY Study evaluated the effects of
a 3-year, school-based program on risk factors for T2DM among middle school students
whose race or ethnic group and socioeconomic status placed them at high risk for obesity and
T2DM.
Cizza G, Brown RJ, Rothe KI. Rising incidence and challenges of childhood diabetes: a mini review. J Endocrinol
Invest. 2012;35:541–546.
Knowler WC, Barrett-Connor E, Fowler SE, et al. Diabetes Prevention Program Research Group. Reduction in the
incidence of type 2 diabetes with lifestyle intervention or metformin. N Engl J Med. 2002;346:393–403.
Rosenbaum M, Nonas C, Weil R, et al. El Camino Diabetes Prevention Group. School-based intervention acutely
improves insulin sensitivity and decreases inflammatory markers and body fatness in junior high school students. J
Clin Endocrinol Metab. 2007;92:504–508.
Savoye M, Shaw M, Dziura J, et al. Effects of a weight management program on body composition and metabolic
parameters in overweight children: a randomized controlled trial. JAMA. 2007;297:2697–2704.
Kendall D, Vail A, Amin R, et al. Metformin in obese children and adolescents: the MOCA trial. J Clin Endocrinol
Metab. 2013;98:322–329.
Foster GD, Linder B, Baranowski T, et al. HEALTHY Study Group. A school-based intervention for diabetes risk
reduction. N Engl J Med. 2010;363:443–453.
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The 6-month MOCA Trial was conducted at pediatric endocrinology clinics in the
United Kingdom from 2005 to 2010. Participants were 8 to 18 years of age, obese,
and had hyperinsulinemia and/or IFG or IGT. At baseline, each patient had a one-onone education session with a clinician. Of the 151 patients, 74 were randomized to
metformin and 77 were randomized to a placebo.
The primary efficacy measure was the reduction in the mean BMI standard deviation
score (SDS) at 6 months. A BMI SDS indicates how many units of the standard
deviation (SD) a child’s BMI is above or below the average value for their age group
and gender. MOCA participants were severely obese at baseline, with a mean BMI
SDS of 3.44 in the metformin group and 3.34 in the placebo group. As shown on the
left, the magnitude of the BMI SDS reduction from baseline was significantly greater
in the metformin group than in the placebo group at both 3 and 6 months.
At baseline, mean FPG levels were 86.9 mg/dL in the metformin group and 85.5
mg/dL in the placebo group. As shown on the right, the adjusted mean improvement
from baseline was significantly greater in the metformin group than in the placebo
group at 3 months, although the difference was no longer significant at 6 months.
The investigators commented that the improvement in the BMI SDS with metformin
was important from both a physical and psychological standpoint. Besides the
physical benefits of weight loss, patients’ improved BMI might give them the incentive
to make additional lifestyle changes, resulting in more substantial weight loss. The
small reductions from baseline in the mean FPG level observed in the metformin
group at 3 and 6 months also suggest that metformin treatment improves the
metabolic status of youth with obesity and hyperinsulinemia.
Kendall D, Vail A, Amin R, et al. Metformin in obese children and adolescents: the MOCA trial. J Clin
Endocrinol Metab. 2013;98:322–329.
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To date, the HEALTHY Study is the most important investigation of T2DM
prevention in high-risk US youth. This 3-year, school-based study was
cosponsored by the National Institute for Diabetes and Digestive and Kidney
Diseases (NIDDK) and the ADA. Its objective was to evaluate the effects of a
comprehensive lifestyle intervention program on T2DM risk factors. The
program included a multifaceted nutrition initiative, intensive physical
education classes, group sessions on self-monitoring and goal setting, and
regular communication about health issues with parents.
The primary outcome was the combined prevalence of overweight and obesity,
defined as BMI greater than or equal to the 85th percentile.
Twenty-one participating schools were randomized to the intervention group,
and another 21 were randomized to the control group. Students in the control
group did not receive any type of intervention. At each school, at least 50% of
children were eligible for federally subsidized, free, or reduced-price meals and
at least 50% of students were black or Hispanic.

The study population consisted of 4603 students who were beginning the sixth
grade and were followed through the eighth grade. The study began in the fall
of 2006 and ended in the spring of 2009.
Foster GD, Linder B, Baranowski T, et al. HEALTHY Study Group. A school-based intervention for
diabetes risk reduction. N Engl J Med. 2010;363:443–453.
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In the HEALTHY Study, the proportion of students who were either overweight
or obese at study endpoint was similar in the two groups: 45.8% in the
intervention group and 45.2% in the control group. The proportion of students
who were either overweight or obese at baseline but who were no longer in
this category at endpoint was also similar—16.5% in the intervention group
and 15.9% in the control group. However, as shown in the graph on the left,
there was a significant difference favoring the intervention in the proportion of
participants who were either overweight or obese at baseline but not obese at
endpoint—11.5% in the intervention group compared to 8.5% in the control
group.
As shown on the right, there was also a significant difference favoring the
intervention in the proportion of students whose waist circumference was at or
greater than the 90th percentile at baseline but not at endpoint—8.1% in the
intervention group compared to 5.9% in the control group.
The investigators commented that the greater improvements in various
measures of adiposity observed in the intervention group can potentially
reduce the risk of youth-onset T2DM.

Foster GD, Linder B, Baranowski T, et al. HEALTHY Study Group. A school-based intervention for
diabetes risk reduction. N Engl J Med. 2010;363:443–453.
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In the HEALTHY Study, there was a significant difference between the
intervention and the control group for the proportion of students who
__________.
a. discontinued metformin between baseline and endpoint

b. were either obese or overweight at endpoint
c. were either obese or overweight at baseline but were not obese or
overweight at endpoint
d. were either obese or overweight at baseline but were not obese at
endpoint
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The correct answer is d.
In the HEALTHY Study, there was a significant difference between the
intervention and the control group for the proportion of patients who were
either overweight or obese at baseline but were not obese at endpoint.
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Several current evidence-based clinical practice guidelines (CPGs) address the diagnosis and
management of youth with T2DM and are the basis for the treatment recommendations
presented in this activity. The ADA’s Standards of Medical Care in Diabetes provide definitive
guidelines on screening for and managing pediatric T2DM. In 2013, the American Academy of
Pediatrics (AAP) published CPGs for managing newly diagnosed T2DM in patients 10 to 18
years old. They consist of six key action statements and extensive commentary. Also in 2013,
the AAP issued a technical report on managing comorbidities and chronic complications of
pediatric T2DM. It endorses key recommendations of other organizations, primarily the ADA
and the NHLBI.
In 2014, the International Society of Pediatric and Adolescent Diabetes (ISPAD) released an
updated compendium of CPGs. Chapter 3, entitled “Type 2 diabetes in the child and
adolescent,” is particularly relevant. The summary report of the NHLBI Expert Panel on
Integrated Guidelines for Cardiovascular Health and Risk Reduction provides detailed
recommendations for dealing with nutrition, physical activity, blood pressure (BP), lipids, and
other issues related to cardiovascular risk reduction. Section 11, on pediatric diabetes, is
especially useful. This report appeared in the journal Pediatrics in 2011 and as a stand-alone
document in 2012.
American Diabetes Association. Standards of medical care in diabetes—2015. Diabetes Care. 2015;38(Suppl 1):S1–
S93.
Copeland KC, Silverstein J, Moore KR, et al. Management of newly diagnosed type 2 diabetes mellitus (T2DM) in
children and adolescents. Pediatrics. 2013;131:e364–e382.
Springer SC, Silverstein J, Copeland K, et al. Management of type 2 diabetes mellitus in children and adolescents.
Pediatrics. 2013;131:e648–e664.
Sperling MA, Acerini C, Craig ME, et al. eds. International Society for Pediatric and Adolescent Diabetes [ISPAD].
ISPAD clinical practice consensus guidelines 2014. Pediatr Diabetes. 2014;15(Suppl 20):1–290. Available at:
http://www.ispad.org/content/ispad-clinical-practice-consensus-guidelines-2014. Accessed April 24, 2015.
Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents,
National Heart, Lung, and Blood Institute: Summary report. Bethesda, MD: National Institutes of Health; October
2012. Available at: https://www.nhlbi.nih.gov/files/docs/peds_guidelines_sum.pdf. Accessed May 13, 2015.
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Ideally, youth with T2DM should receive their care from a team. In addition to
the patient and family, the team should include a pediatric endocrinologist,
diabetes nurse educator, registered dietitian nutritionist, exercise physiologist,
and behavioral specialist.
When there is limited access to specialty pediatric medical care, interactions
with the full team may be limited to the period shortly after diagnosis.
Thereafter, the patient may have intermittent contact with team members, on
an as-needed basis.
In areas where there are no pediatric endocrinologists, generalist pediatricians
and other primary care providers need to have a thorough knowledge of the
management of pediatric-onset T2DM, and should be able and willing to work
closely with a team of subspecialists whenever possible.

Springer SC, Silverstein J, Copeland K, et al. Management of type 2 diabetes mellitus in
children and adolescents. Pediatrics. 2013;131:e648–e664.
Zeitler P, Fu J, Tandon N, et al. Type 2 diabetes in the child and adolescent. Pediatr Diabetes.
2014;15(Suppl 20):26–46.
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Treatment adherence is often low in youth with T2DM, and optimizing adherence requires
effective interactions with youth and their families. The 2012/2015 ADA–European Association
for the Study of Diabetes position statement on T2DM management emphasizes the
importance of setting individual goals and developing a customized treatment plan for each
patient. Individualized disease management is especially important for youth with T2DM, as
these patients vary greatly in their developmental stages, psychosocial concerns, and attitudes
towards diabetes. Because pediatric T2DM is usually diagnosed during adolescence, when
individuals are developing a sense of self and striving for independence, the process of
providing self-management education for youth is often extremely challenging. Furthermore,
many youth with T2DM have already faced issues that make them feel alienated from their
peers, as they are often socioeconomically disadvantaged and were usually overweight or
obese before their diabetes diagnosis.
Hands-on educational approaches are often effective with youth. For example, many
adolescents benefit from measuring the teaspoons of sugar found in a bottle of a regular soft
drink. They may also respond to seeing test tubes filled with the different amounts of fat in a
typical fast-food hamburger or a serving of baked chicken.
Vivian EM. Type 2 diabetes throughout the life span. In: Mensing C, Cornell S, Halstenson C, eds. The Art and
Science of Diabetes Self-Management Education Desk Reference. 3rd ed. Chicago, IL: American Association of
Diabetes Educators; 2014:411–430.
Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes: a patient-centered
approach: position statement of the American Diabetes Association (ADA) and the European Association for the
Study of Diabetes (EASD). Diabetes Care. 2012;35:1364–1379.
Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes: a patient-centered
approach. Update to a position statement of the American Diabetes Association and the European Association for
the Study of Diabetes. Diabetes Care. 2015;38:140–149.
Salamon KS, Brouwer AM, Fox MM, et al. Experiencing type 2 diabetes mellitus: qualitative analysis of adolescents’
concept of illness, adjustment, and motivation to engage in self-care behaviors. Diabetes Educ. 2012;38:543–551.
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Management of youth-onset T2DM needs to include the entire family. As we have
already noted, most youth with T2DM have at least one first-degree relative who also
has T2DM. These family members may have been unsuccessful in managing their
own diabetes and are, therefore, skeptical about anyone else’s ability to maintain
diabetes control. As a result, the diabetes educator must learn about the family’s
health beliefs and behaviors and attempt to dispel any misconceptions about diabetes
control before developing education and management plans.
Diabetes education should be provided in a culturally sensitive manner, and
recommendations need to reflect the family’s circumstances and resources. For
example, it is not helpful for an educator to recommend that an inner-city family with
limited financial resources incorporate fresh produce into their diet unless a realistic
way of obtaining that produce is also identified.
The entire family needs to understand the principles of treating T2DM and the critical
importance of monitoring the quantity and quality of foods, changing eating
behaviors, and increasing the level of physical activity. Changes should be made in
small, achievable increments, with the understanding that these changes need to be
permanent. Any improvement should be celebrated, especially when it involves family
teamwork in making lifestyle changes.
Dabelea D, Klingensmith GJ. Type 2 diabetes mellitus. In: Kappy MS, Allen DB, Geffner ME, eds.
Pediatric Practice: Endocrinology. New York: McGraw Hill Medical; 2010:367–381.
Zeitler P, Fu J, Tandon N, et al. Type 2 diabetes in the child and adolescent. Pediatr Diabetes. 2014;15
(Suppl 20):26–46.
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Clinicians should refer their patients to a registered dietitian with expertise in the
nutritional needs of youth with T2DM.
The AAP advises clinicians to use the Academy of Nutrition and Dietetics’ (AND’s)
Pediatric Weight Management Evidence-Based Nutrition Practice Guidelines when
counseling patients at the time of their T2DM diagnosis and during their ongoing
management.
Highlights of the AND guidelines include the following:
• Providers should initiate a balanced macronutrient diet within a multicomponent
pediatric weight-management program if the registered dietitian determines that
energy restriction is warranted and the patient will be medically monitored.
Targets are no fewer than 900 kcal/day for children aged 6 to 12 years and no
fewer than 1200 kcal/day for adolescents aged 13 to 18 years.
• Dietary factors that may be associated with a heightened risk of overweight are
increased total dietary fat intake and increased intake of sweetened caloric
beverages.
• Dietary factors that may be associated with a decreased risk of overweight are
increased vegetable and fruit intake.
Copeland KC, Silverstein J, Moore KR, et al. Management of newly diagnosed type 2 diabetes mellitus
(T2DM) in children and adolescents. Pediatrics. 2013;131:e364–e382.
Academy of Nutrition and Dietetics. Pediatric weight management evidence-based nutrition practice
guideline. 2007. Available at: http://www.andeal.org/topic.cfm?cat=2721. Accessed May 13, 2015.
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This slide shows additional medical nutrition therapy (MNT) recommendations. Youth and their
parents should be encouraged to follow the recommendations at ChooseMyPlate.gov, the U.S.
Department of Agriculture website featuring practical information to help all Americans eat
healthier diets. A good starting point at the website is the downloadable brochure “Let’s eat for
the health of it,” which summarizes the basic principles of the ChooseMyPlate approach in an
attractive, reader-friendly format.

Providers should encourage youth with T2DM to eat regular meals and snacks but to limit
snack size and frequency.
Reducing portion sizes is also important. Helpful strategies include using smaller plates, not
consuming food directly from a box, can, or bottle, and not eating while watching television or
using a computer.
Except for milk, youth should choose calorie-free beverages and eat fresh fruit rather than
drink juice. It is beneficial to have 3 to 4 servings of low-fat dairy products daily. The number of
calories consumed as fast-food meals should be reduced.
U.S. Department of Agriculture. ChooseMyPlate.gov. Available at: http://www.choosemyplate.gov/. Accessed April
29, 2015.
U.S. Department of Agriculture. Let’s eat for the health of it. June 2011.
http://www.cnpp.usda.gov/sites/default/files/dietary_guidelines_for_americans/DG2010Brochure.pdf. Accessed April
29, 2015.
Copeland KC, Silverstein J, Moore KR, et al. Management of newly diagnosed type 2 diabetes mellitus (T2DM) in
children and adolescents. Pediatrics. 2013;131:e364–e382.
Berry D, Urban A, Grey M. Management of type 2 diabetes in youth (part 2). J Pediatr Health Care. 2006;20:88–97.
Dabelea D, Klingensmith GJ. Type 2 diabetes mellitus. In: Kappy MS, Allen DB, Geffner ME, eds. Pediatric Practice:
Endocrinology. New York: McGraw Hill Medical; 2010:367–381.
Loghmani ES. Nutrition therapy for overweight children and adolescents with type 2 diabetes. Curr Diab Rep.
2005;5:385–390.
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Clinicians should encourage youth with T2DM to engage in moderate to vigorous exercise for
at least 60 minutes daily. It is most effective to adopt an individualized approach that can be
incorporated into the daily routine, is tailored to the patient’s abilities and preferences, and
recognizes the family’s circumstances. Health care providers should remember that organized
exercise, such as team sports, may be beyond the family’s logistical and/or financial means. It
may be necessary to devise creative solutions for youth who live in neighborhoods where
walking or playing outdoors is dangerous.
The AAP suggests graded exercise duration for youth who cannot initially be active for 60
minutes daily. Providers should emphasize that the 60 minutes of exercise do not need to be
accomplished in one session but can be completed through several 10- or 15-minute periods.
Identifying a relative or friend who will participate in the exercise plan with the patient is
desirable, as having an “exercise buddy” provides ongoing motivation. Maintaining an exercise
log may also be helpful, especially if points are accumulated toward some type of family-based
reward, such as a weekend expedition.
In addition, youth should be encouraged to limit nonacademic screen time to less than 2 hours
per day, since it contributes to a sedentary lifestyle. Having a video screen and/or television
set in the bedroom should be discouraged.
Copeland KC, Silverstein J, Moore KR, et al. Management of newly diagnosed type 2 diabetes mellitus (T2DM) in
children and adolescents. Pediatrics. 2013;131:e364–e382.
McGavock J, Sellers E, Dean H. Physical activity for the prevention and management of youth-onset type 2 diabetes
mellitus: focus on cardiovascular complications. Diabetes Vasc Dis Res. 2007;4:305–310.
Pinhas-Hamiel O, Zeitler P. A weighty problem—diagnosis and treatment of type 2 diabetes in adolescents. Diabetes
Spectrum. 1997;10:292–298.
Dabelea D, Klingensmith GJ. Type 2 diabetes mellitus. In: Kappy MS, Allen DB, Geffner ME, eds. Pediatric Practice:
Endocrinology. New York: McGraw Hill Medical; 2010:367–381.
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The prevalence of daily cigarette smoking among US youth ranges from 4% in 10-year-olds to
15% among 20-year-olds. In different ethnic/racial groups within the SEARCH cohort of youth
with T2DM, the prevalence of current smoking ranges from 9% to 26%. Smoking in this
population is of great concern, as adolescent smoking is a strong predictor of adult smoking
and smokers have an elevated risk of premature death, CVD, and chronic microvascular
complications.
Health care providers should ascertain the smoking status of youth with T2DM and provide
education about the importance of avoiding smoking or smoking cessation at each medical
visit. Smoking cessation is very difficult for adolescents, and an estimated 60% to 85% of
young tobacco users have made at least one unsuccessful attempt to quit. Multicomponent
school-based initiatives and individual programs that include education by a clinician, brief
counseling, and motivational interviewing are effective in achieving smoking cessation in
youth. Pharmacologic adjuncts to smoking cessation, such as nicotine patches and gums,
appear to be less helpful in youth than they are in adults.
U.S. Department of Health and Human Services. Preventing Tobacco Use Among Youth and Young Adults: A Report
of the Surgeon General. Atlanta: Centers for Disease Control and Prevention, Office on Smoking and Health; 2012.
Lawrence JM, Mayer-Davis EJ, Reynolds K, et al. Diabetes in Hispanic American youth. Diabetes Care.
2009;32(Suppl 2):S123–S132.
Mayer-Davis EJ, Beyer J, Bell RA, et al. Diabetes in African American youth. Diabetes Care. 2009;32(Suppl 2):S112–
S122.
Bell RA, Mayer-Davis EJ, Beyer JW, et al. Diabetes in non-Hispanic white youth. Diabetes Care. 2009;32(Suppl
2):S102–S111.
Dabelea D, DeGroat J, Sorrelman C, et al. Diabetes in Navajo youth. Diabetes Care. Diabetes Care. 2009;32(Suppl
2):S141–S147.
American Diabetes Association. Foundations of care: education, nutrition, physical activity, smoking cessation,
psychosocial care, and immunization. Sec. 4. Standards of medical care in diabetes—2015. Diabetes Care.
2015;38(Suppl 1):S20–S30.
Audrain-McGovern J, Stevens S, Murray PJ, et al. The efficacy of motivational interviewing versus brief advice for
adolescent smoking behavior change. Pediatrics. 2011;128:e101–e111.
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T2DM greatly magnifies the problems associated with adolescent pregnancy.
To increase the likelihood of a good outcome for the mother and infant, it is
essential that the pregnancy of a woman with T2DM be planned. Pregnancy
complicates glycemic management, largely due to increased insulin
resistance. When hyperglycemia is uncontrolled during early pregnancy, the
combined risk of spontaneous abortion and congenital anomalies can
approach 65%. Therefore, preconception counseling for a girl with T2DM
should begin at the onset of puberty.
The major components of preconception counseling are the importance of a
planned pregnancy, the potential risks to the mother and child when pregnancy
is complicated by T2DM, the need to attain normal BG levels before
conception, and the personal and financial commitments associated with
parenthood.
The most appropriate contraception option should be identified for an
adolescent with T2DM who is, or anticipates becoming, sexually active. For
most adolescents, the contraceptive of choice is a low-dose combined
(estrogen plus progestin) or sequential ethinyl estradiol and new progestin
(triphasic) oral contraceptive.
Coustan DR. Medical Management of Pregnancy Complicated by Diabetes. 5th ed. Alexandria, VA:
American Diabetes Association; 2013.
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Many youth with T2DM have a poor self-image, a mood disorder, an eating disorder, or low
health-related quality of life. Therefore, the patient’s psychosocial functioning and the family’s
functioning should be evaluated during the initial assessment. The assessment should ideally
be conducted by a health care provider with experience in evaluating families affected by
T2DM.
Depressed mood was found in 8.6% of the SEARCH population. Although this prevalence is
similar to that reported in the general population of US youth, depressed mood is of particular
concern in youth with T2DM, as it is associated with higher A1C levels and more emergency
department visits. The revised version of the Center for Epidemiologic Studies Depression
Scale (CESD-R) is often used to assess youth for depressed mood. Detection of depression or
another psychosocial issue should trigger a prompt referral to a mental health provider skilled
in addressing the condition in youth.
Dabelea D, Klingensmith GJ. Type 2 diabetes mellitus. In: Kappy MS, Allen DB, Geffner ME, eds. Pediatric Practice: Endocrinology.
New York: McGraw Hill Medical; 2010:367–381.
Hood KK, Beavers DP, Yi-Frazier J, et al. Psychosocial burden and glycemic control during the first 6 years of diabetes: results from
the SEARCH for Diabetes in Youth Study. J Adolesc Health. 2014;55:498–504.
Naughton MJ, Ruggiero AM, Lawrence JM, et al. SEARCH for Diabetes in Youth Study Group. Health-related quality of life of children
and adolescents with type 1 or type 2 diabetes mellitus: the SEARCH for Diabetes in Youth Study. Arch Pediatr Adolesc Med.
2008;162:649–657.
Naughton MJ, Yi-Frazier JP, Morgan TM. SEARCH for Diabetes in Youth Study Group. Longitudinal associations between sex,
diabetes self-care, and health-related quality of life among youth with type 1 or type 2 diabetes mellitus. J Pediatr. 2014;164:1376–
1383.
Lawrence JM, Standiford DA, Loots B, et al. SEARCH for Diabetes in Youth Study. Prevalence and correlates of depressed mood
among youth with diabetes: the SEARCH for Diabetes in Youth Study. Pediatrics. 2006;117:1348–1358.
Springer SC, Silverstein J, Copeland K, et al. Management of type 2 diabetes mellitus in children and adolescents. Pediatrics.
2013;131:e648–e664.
CESD-R: The Center for Epidemiologic Studies Depression Scale Revised. Available at: http://cesd-r.com/. Accessed June 29, 2015.
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Fewer than 10% of youth with T2DM attain their glycemic goals through lifestyle interventions
alone. As of July 2015, metformin and insulin are the only US Food and Drug Administration(FDA-) approved glucose-lowering agents for youth with T2DM. Other agents are sometimes
used on an off-label basis, but we will not address unapproved uses in this activity.
As we will discuss shortly, insulin is sometimes the initial treatment of choice for youth with
newly diagnosed T2DM. For most patients, however, the AAP recommends that metformin be
initiated along with lifestyle changes. To maximize gastrointestinal tolerability, metformin
should be introduced at a dose of 500 mg daily. The dose can be increased by 500 mg every 1
to 2 weeks, to a maximum dose of 2000 mg daily in divided doses. Metformin should be
avoided during pregnancy.
In addition to improving hepatic insulin sensitivity, metformin has several practical advantages
over insulin, including potential weight loss or weight neutrality, oral administration, less upfront instruction time, and more widespread acceptance. Because it improves insulin
sensitivity, metformin may normalize menstrual cycles in girls with PCOS.
The Treatment Options for Type 2 Diabetes in Adolescents and Youth (TODAY) Study showed
that metformin alone is not a durable therapy for most youth with T2DM. In the absence of
other approved drug treatments, many patients require early addition of insulin therapy.
Copeland KC, Silverstein J, Moore KR, et al. Management of newly diagnosed type 2 diabetes mellitus (T2DM) in
children and adolescents. Pediatrics. 2013;131:e364–e382.
Zeitler P, Hirst K, Pyle L, et al. TODAY Study Group. A clinical trial to maintain glycemic control in youth with type 2
diabetes. N Engl J Med. 2012;366:2247–2256.
Glucophage® (metformin hydrochloride) tablets and Glucophage® XR (metformin hydrochloride) extended-release
tablets. Prescribing information. Princeton, NJ: Bristol-Myers Squibb Company; January 2009.
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TODAY, a multicenter trial funded by NIDDK, is a landmark study of the
treatment of youth-onset T2DM. It enrolled 699 patients whose demographic
and clinical characteristics were similar to those of participants in other major
pediatric T2DM studies. Primary results were published in 2012, and follow-up
analyses continue to be published. At baseline, eligible patients were 10 to 17
years of age, had a diagnosis of T2DM for less than 2 years, and had a BMI at
or above the 85th percentile.
After a run-in period, patients were randomized to receive monotherapy with
metformin at a dose of 1000 mg BID, metformin plus rosiglitazone at a dose of
4 mg BID, or metformin plus an intensive lifestyle intervention. The intervention
focused on weight loss through improved nutrition and increased physical
activity.
The primary outcome was treatment failure, defined as an A1C of at least 8%
over 6 months or persistent metabolic decompensation. Decompensation
consisted of the inability to wean the patient from insulin within 3 months after
its initiation for decompensation or the occurrence of a second
decompensation episode within 3 months of discontinuing insulin. During the
follow-up period, patients were monitored for a minimum of 2 years and a
maximum of 6.5 years. The mean follow-up duration was 3.9 years.
Zeitler P, Hirst K, Pyle L, et al. TODAY Study Group. A clinical trial to maintain glycemic control in youth
with type 2 diabetes. N Engl J Med. 2012;366:2247–2256.
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After a mean of 3.9 years, failure rates in the TODAY Study were 51.7% in the
metformin only group, 38.6% in the metformin plus rosiglitazone group, 46.6% in the
metformin plus lifestyle intervention group, and 45.6% in the overall population. The
median time to treatment failure was 11.5 months, with a range of less than 1 to 66
months. Metformin plus rosiglitazone was associated with a 25% decrease in the
occurrence of the primary outcome compared with metformin only, and this difference
was highly significant. The outcome with metformin plus lifestyle intervention was
intermediate but did not differ significantly from the outcome with metformin alone or
with metformin plus rosiglitazone.
Thus, the results of TODAY showed that metformin monotherapy provided durable
glycemic control in only about half of participants, a treatment failure rate that was
higher than that observed with similar cohorts of metformin-treated adults.
Although the combination of rosiglitazone and metformin reduced the rate of
treatment failure compared with metformin monotherapy, it is unknown whether this
effect is specific to rosiglitazone, a more general effect of the thiazolidinediones, or a
feature of combination therapy. Despite its success in the TODAY Study, pediatric
use of metformin with rosiglitazone is not possible in clinical practice, as rosiglitazone
is not FDA-approved for use in children. TODAY’s findings suggest that treatment
with metformin and a second oral agent might eventually be found to be safe and
more effective in youth than metformin monotherapy alone.
Zeitler P, Hirst K, Pyle L, et al. TODAY Study Group. A clinical trial to maintain glycemic control in youth
with type 2 diabetes. N Engl J Med. 2012;366:2247–2256.
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As we have discussed, T2DM is characterized by a gradual decline in beta-cell
function and increased blood glucose (BG) concentrations that are often
asymptomatic. As insulin secretion declines further, the patient is likely to develop
symptoms of hyperglycemia, occasionally with ketosis or diabetic ketoacidosis (DKA).
Up to 25% of youth eventually found to have T2DM initially present with ketosis or
DKA. As we will describe later, a smaller number present with the hyperglycemic
hyperosmolar state (HHS), which also results from impaired insulin action. Clinicians
must ensure that insulin therapy is initiated for children and adolescents who have
ketosis, DKA, or HHS. Initial treatment with insulin is also recommended when the
distinction between T1DM and T2DM is unclear. In these patients, insulin therapy
should be continued while appropriate tests are performed to establish a definitive
diagnosis.
According to the AAP, insulin should also be used as initial therapy for youth with
T2DM who have BG concentrations ≥250 mg/dL and/or an A1C of >9%, even if they
do not have ketosis or DKA.
Many recently diagnosed youth with T2DM can be weaned gradually from insulin and
then managed with lifestyle modification and metformin.
Copeland KC, Silverstein J, Moore KR, et al. Management of newly diagnosed type 2 diabetes mellitus
(T2DM) in children and adolescents. Pediatrics. 2013;131:e364–e382.
Dabelea D, Klingensmith GJ. Type 2 diabetes mellitus. In: Kappy MS, Allen DB, Geffner ME, eds.
Pediatric Practice: Endocrinology. New York: McGraw Hill Medical; 2010:367–381.
Rosenbloom AL. Hyperglycemic hyperosmolar state: an emerging pediatric problem. J Pediatr.
2010;156:180–184.
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This slide summarizes two pediatric diabetes experts’ recommendations for
adding insulin to the regimen of a patient with youth-onset T2DM when lifestyle
modification and metformin are insufficient to keep the A1C at the
individualized goal.
When the A1C has remained above goal for up to 3 months, the clinician
should first reassess the patient for treatment adherence. If the patient is
adherent, metformin should be continued at a dose of 1000 mg BID. A longacting insulin analog should be added, beginning at a dose of 10 to 20 units
per day. It is important to administer the insulin at the time of day with the
greatest likelihood of adherence and adult supervision. The insulin dose
should be titrated to maintain the target A1C.
Further intensification is needed if the A1C remains above the individualized
goal despite administration of metformin plus a long-acting insulin analog at a
daily dose of 1 unit per kilogram. Before proceeding, the patient should be
reassessed for adherence. If the patient is adherent, metformin and basal
insulin should be continued and a rapid-acting insulin analog added at one or
more mealtimes. Alternatively, for patients aged 18 years or older, a
meglitinide (repaglinide or nateglinide) can be added before meals if there is
evidence of postprandial hyperglycemia.
Dabelea D, Klingensmith GJ. Type 2 diabetes mellitus. In: Kappy MS, Allen DB, Geffner ME, eds.
Pediatric Practice: Endocrinology. New York: McGraw Hill Medical; 2010:367–381.
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In youth with T2DM, hypertension is associated with endothelial dysfunction, vessel stiffness,
and increased risk of future CVD and diabetic kidney disease (DKD). Hypertension is a
common comorbidity of pediatric T2DM. In the SEARCH Study, among participants whose
mean duration of diagnosed T2DM was 2.1 years, the prevalence of hypertension was 65.6%.
In the TODAY Study, 11.6% of patients had hypertension at baseline (after a mean diabetes
duration of 7.8 months), and 33.8% had hypertension at endpoint (after a mean follow-up of
3.9 years).
Despite its harmful consequences and prevalence, hypertension is typically underdiagnosed in
youth with T2DM, resulting in a lack of appropriate treatment.
According to the AAP, the BP of youth with T2DM should be measured with an appropriatesized cuff and reliable equipment, monitored at every medical visit, and plotted against norms
for age, gender, and height. These norms are included in the Summary Report of the Expert
Panel on Integrated Guidelines.
Mayer-Davis EJ, Ma B, Lawson A, et al. SEARCH for Diabetes in Youth Study Group. Cardiovascular disease risk
factors in youth with type 1 and type 2 diabetes: implications of a factor analysis of clustering. Metab Syndr Relat
Disord. 2009;7:89–96.
Lynch J, El Ghormli L, Fisher L, et al. TODAY Study Group. Rapid rise in hypertension and nephropathy in youth with
type 2 diabetes: the TODAY clinical trial. Diabetes Care. 2013;36:1735–1741.
Springer SC, Silverstein J, Copeland K, et al. Management of type 2 diabetes mellitus in children and adolescents.
Pediatrics. 2013;131:e648–e664.
Expert Panel on Integrated Guidelines for Cardiovascular 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. Bethesda, MD: National Institutes of Health; October 2012.
Available at: https://www.nhlbi.nih.gov/files/docs/peds_guidelines_sum.pdf. Accessed May 13, 2015.
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The general BP target for youth with T2DM is less than the 90th percentile for age, gender,
and height percentile. BP that is greater than or equal to the 90th percentile but less than the
95th percentile is considered prehypertension. Weight reduction, if indicated, with
reassessment in 6 months is recommended for youth with prehypertension.
Youth whose BP is consistently at or above the 95th percentile are classified as having
hypertension. Initial treatment consists of efforts at weight reduction, limiting dietary salt, and
increasing activity. If, after 6 months, the BP remains above the 95th percentile for age,
gender, and height, ACE inhibitor therapy should be considered to achieve BP values below
the 90th percentile. If an ACE inhibitor is not tolerated because of adverse effects (typically
cough), treatment with an angiotensin receptor blocker (ARB) should be initiated. If adequate
control is not achieved with an ACE inhibitor or an ARB, the patient should be referred to a
physician specialist trained in the treatment of hypertension in youth.
Note, however, that recommendations concerning ACE inhibitors and ARBs apply only to
nonpregnant patients. These agents should be avoided during pregnancy because of the risk
of fetal damage. Members of these drug classes are in FDA Pregnancy Category C for the first
trimester of pregnancy and in Category D for the second and third trimesters. If an ACE
inhibitor or ARB is prescribed for a female patient, a reliable form of birth control must also be
prescribed. Among the antihypertensive agents shown to be safe and effective during
pregnancy are methyldopa, labetalol, and nifedipine.
Expert Panel on Integrated Guidelines for Cardiovascular 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. Bethesda, MD: National Institutes of Health; October 2012.
Available at: https://www.nhlbi.nih.gov/files/docs/peds_guidelines_sum.pdf. Accessed May 13, 2015.
Springer SC, Silverstein J, Copeland K, et al. Management of type 2 diabetes mellitus in children and adolescents.
Pediatrics. 2013;131:e648–e664.
Mathiesen ER, Nielsen LR, Damm P. Hypertension in diabetes and pregnancy. In: McCance DR, Maresh M, Sacks
DA, eds. A Practical Manual of Diabetes in Pregnancy. Oxford: Wiley-Blackwell; 2010:146–152.
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Persistent albuminuria in the range of 30 to 299 mg (historically called microalbuminuria) is a
marker of increased CVD risk, as well as a marker for the development of DKD. The AAP
endorses the ADA guidance that albuminuria screening should begin when T2DM is diagnosed
and then be repeated annually. An annual random spot urine sample for determining the ACR
is recommended.
The SEARCH investigators assessed the prevalence of elevated ACRs, defined as values
above 30 mg/g, in youth with T1DM and T2DM. As shown by the graph on the left, the overall
prevalence of elevated ACRs was 22.2% in participants with T2DM and 9.2% in those with
T1DM. In participants with T2DM, the prevalence of elevated ACRs rose sharply over time, to
42.0% of those with T2DM for at least 5 years. As shown on the right, there was a strong
correlation between A1C level and the prevalence of elevated ACRs in youth with T2DM. An
elevated ACR was reported in 10.0% of participants whose A1C was less than 7.6% and in
38.1% of those whose A1C was greater than or equal to 8.7%.
In the TODAY Study, the frequency of albuminuria was 6.3% at baseline and 16.6% at
endpoint. Higher A1C levels were significantly associated with the risk of developing
albuminuria.
American Diabetes Association. Microvascular complications and foot care. Sec. 9. Standards of medical
care in diabetes—2015. Diabetes Care. 2015;38(Suppl 1):S58–S66.
Springer SC, Silverstein J, Copeland K, et al. Management of type 2 diabetes mellitus in children and
adolescents. Pediatrics. 2013;131:e648–e664.
Maahs DM, Snively BM, Bell RA, et al. Higher prevalence of elevated albumin excretion in youth with
type 2 than type 1 diabetes: the SEARCH for Diabetes in Youth Study. Diabetes Care. 2007;30:2593–
2598.
Lynch J, El Ghormli L, Fisher L, et al. TODAY Study Group. Rapid rise in hypertension and nephropathy
in youth with type 2 diabetes: the TODAY clinical trial. Diabetes Care. 2013;36:1735–1741.
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In the SEARCH study, 66% of participants had high triglyceride levels and 61%
cholesterol (HDL-C) values after a mean T2DM duration of 2.1 years. Hyperglycemia
and insulin resistance are thought to play direct roles in the development of
dyslipidemia, a major CVD risk factor. Therefore, dyslipidemia screening is essential
for all youth with T2DM.
The AAP recommends that a baseline lipid screening, consisting of a complete
fasting lipid profile, be conducted as soon as initial glycemic control has been
attained. Follow-up testing should be conducted promptly if initial results are
abnormal. If results are normal, testing should be repeated every 2 years. Screening
tools for dyslipidemia are included in the supplementary data section of the 2013 AAP
technical report “Management of type 2 diabetes mellitus in children and
adolescents.”
The Expert Panel on Integrated Guidelines recommends that all children have a lipid
assessment at 10 years of age unless they have diabetes or another condition that
necessitates earlier screening.
Mayer-Davis EJ, Ma B, Lawson A, et al. SEARCH for Diabetes in Youth Study Group. Cardiovascular
disease risk factors in youth with type 1 and type 2 diabetes: implications of a factor analysis of
clustering. Metab Syndr Relat Disord. 2009;7:89–96.
Springer SC, Silverstein J, Copeland K, et al. Management of type 2 diabetes mellitus in children and
adolescents. Pediatrics. 2013;131:e648–e664.
Expert Panel on Integrated Guidelines for Cardiovascular 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. Pediatrics.
2011;128(Suppl 5):S213–S256.
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The Expert Panel on Integrated Guidelines recommends the use of different cut points to
define acceptable, borderline-high, and high lipid and lipoprotein levels for children and
adolescents and for young adults. This table summarizes recommendations for treating
dyslipidemia in youth aged 10 to 21 years, including those with T2DM. Recommendations
focus on the initial and follow-up treatment of elevated low-density lipoprotein cholesterol (LDLC) and triglyceride levels. A lipid specialist should be consulted when a patient has a very high
LDL-C level (≥250 mg/dL), a very high triglyceride level (≥500 mg/dL), or a high non–HDL-C
level (≥145 mg/dL) after the LDL-C goal has been achieved. Patients with less severe
elevations should be referred initially to a registered dietitian for MNT.
Drug therapy should be considered for youth without a sufficient response to MNT. When
medication is recommended, it should always be in the context of the patient’s CVD risk profile
and in consultation with the patient and family. Potential therapies include a statin for youth
with persistently elevated LDL-C values, fish oil for those with hypertriglyceridemia, and a
statin, fibrate, or niacin for a patient with elevated non–HDL-C levels. Youth receiving a statin
should undergo routine monitoring of hepatic enzymes and clinical assessment for muscle
toxicity.
Statin therapy is contraindicated in women who are pregnant or likely to become pregnant, and
all statins are in Pregnancy Category X. Therefore, it is essential that an effective form of birth
control be prescribed for any girl who receives a prescription for a statin and that the girl
receive appropriate counseling before beginning statin therapy.
Expert Panel on Integrated Guidelines for Cardiovascular 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. Pediatrics. 2011;128(Suppl 5):S213–S256.
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Metformin would usually be an appropriate initial glucose-lowering treatment
for a youth with T2DM who __________.
a.has a PG concentration of 300 mg/dL
b.has an A1C of 7.5%

c.presents with ketoacidosis
d.is pregnant
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The correct answer is b.
Metformin would usually be an appropriate initial glucose-lowering treatment
for a youth with T2DM who has an A1C of 7.5%.
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DKA and HHS are life-threatening acute complications of diabetes, including
T2DM. Both are characterized by hyperglycemia resulting from a deficiency of
circulating insulin and the combined effects of the counterregulatory hormones
glucagon, catecholamines, cortisol, and growth hormone.
In DKA, low serum insulin and high counterregulatory hormone concentrations
lead to an accelerated catabolic state with increased glucose production by the
liver and kidney, impaired peripheral glucose utilization resulting in
hyperglycemia and hyperosmolarity, and increased lipolysis and ketogenesis,
causing ketonemia and metabolic acidosis.
HHS results when insulin action is inadequate to facilitate glucose action by
insulin-sensitive tissues, but sufficient to prevent extensive ketogenesis. HHS
typically occurs after prolonged and gradually increasing polyuria, resulting in
profound dehydration.

Wolfsdorf JI, Allgrove J, Craig ME, et al. Diabetic ketoacidosis and hyperglycemic
hyperosmolar state. Pediatr Diabetes. 2014;15(Suppl 20):154–179.
Rosenbloom AL. Hyperglycemic hyperosmolar state: an emerging pediatric problem. J Pediatr.
2010;156:180–184.
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This slide compares biochemical and clinical criteria for diagnosing DKA and
HHS. Biochemical criteria for the diagnosis of DKA are a plasma glucose
concentration greater than 200 mg/dL, venous pH less than 7.3 or a
bicarbonate level less than 15 mmol/L, ketonemia and ketonuria.
Clinical manifestations of DKA include dehydration; tachycardia; tachypnea;
deep, sighing respiration; breath that smells of acetone; nausea, vomiting, and
abdominal pain; and confusion, drowsiness, and loss of consciousness.
Diagnostic criteria for HHS include a plasma glucose concentration greater
than 600 mg/dL; venous pH greater than 7.25 and arterial pH greater than
7.30; a serum bicarbonate concentration greater than or equal to 15 mmol/L;
minimal ketonuria and absent to mild ketonemia; and serum osmolarity greater
than 320 milliosmoles (mOsm) per liter.
The most common clinical manifestations of HHS are combativeness,
seizures, stupor, and coma.

Wolfsdorf JI, Allgrove J, Craig ME, et al. Diabetic ketoacidosis and hyperglycemic
hyperosmolar state. Pediatr Diabetes. 2014;15(Suppl 20):154–179.
Rosenbloom AL. Hyperglycemic hyperosmolar state: an emerging pediatric problem. J Pediatr.
2010;156:180–184.
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DKA occurs less frequently in youth with T2DM than in those with T1DM. At
diagnosis, the prevalence of DKA was 5.7% in the most recent SEARCH
cohort and 11% in Pediatric Diabetes Consortium Case Registry patients with
T2DM. HHS is less common than DKA in youth with T2DM. It affected 2% of
newly diagnosed patients with T2DM in the Pediatric Diabetes Consortium
Case Registry (PDCR).
Risk factors for DKA at diagnosis are minority race/ethnicity and male gender.
Risk factors for DKA post-diagnosis include lack of glycemic control, treatment
nonadherence, gastroenteritis, eating disorders, other psychiatric disorders,
difficult family situations, and limited access to medical care.
Risk factors for HHS in youth include undiagnosed diabetes, obesity,
infections, treatment nonadherence, substance abuse, and the presence of
another chronic disease.
Dabelea D, Rewers A, Stafford JM, et al. SEARCH for Diabetes in Youth Study Group. Trends in the
prevalence of ketoacidosis at diabetes diagnosis: the SEARCH for diabetes in youth study. Pediatrics.
2014;133:e938–e945.
Klingensmith GJ, Connor CG, Ruedy KJ, et al. Pediatric Diabetes Consortium. Presentation of youth with
diabetes in the Pediatric Diabetes Consortium. Pediatr Diabetes. 2015 May 8. [Epub ahead of print]
Wolfsdorf JI, Allgrove J, Craig ME, et al. Diabetic ketoacidosis and hyperglycemic hyperosmolar state.
Pediatr Diabetes. 2014;15(Suppl 20):154–179.
Rosenbloom AL. Hyperglycemic hyperosmolar state: an emerging pediatric problem. J Pediatr.
2010;156:180–184.
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DKA has a mortality rate of 0.15% to 0.30%. Cerebral edema, the most severe complication,
accounts for 60% to 90% of deaths. Up to one quarter of cerebral edema survivors have
significant long-term morbidity.
Basic treatment for DKA consists of fluid and electrolyte replacement and low-dose
intravenous insulin administration. The insulin infusion should begin 1 to 2 hours after starting
fluid replacement therapy, once the patient has received initial volume expansion.
Hyperosmolar therapy with mannitol or hypertonic saline should be initiated immediately if the
patient experiences a change in neurologic status or other signs and symptoms of cerebral
edema. The underlying cause of the DKA episode must also be treated.
Up to 40% of pediatric HHS cases are fatal. Life-threatening consequences of HHS are renal
failure, rhabdomyolysis, venous thrombosis, and malignant hyperthermia.
As with DKA, the keystone of HHS treatment is aggressive fluid resuscitation. Insulin
administration should be held until initial fluid resuscitation has been accomplished and the
serum glucose concentration is no longer decreasing from rehydration alone. Early
hemodialysis is important for patients experiencing rhabdomyolysis or renal failure. Treatment
of any underlying conditions, such as infection, is also essential.

Wolfsdorf JI, Allgrove J, Craig ME, et al. Diabetic ketoacidosis and hyperglycemic hyperosmolar state.
Pediatr Diabetes. 2014;15(Suppl 20):154–179.
Dabelea D, Klingensmith GJ. Type 2 diabetes mellitus. In: Kappy MS, Allen DB, Geffner ME, eds.
Pediatric Practice: Endocrinology. New York: McGraw Hill Medical; 2010:367–381.
Pinhas-Hamiel O, Zeitler P. Acute and chronic complications of type 2 diabetes mellitus in children and
adolescents. Lancet. 2007;369:1823–1831.
Rosenbloom AL. Hyperglycemic hyperosmolar state: an emerging pediatric problem. J Pediatr.
2010;156:180–184.

53

Although overt CVD is rare in pediatric patients with T2DM, they are at high risk for
accelerated atherosclerosis, coronary artery disease by 30 years of age, and early congestive
heart failure.
The SEARCH Case-Control Study found that youth with T2DM have a significantly increased
risk of many CVD risk factors compared to age-matched controls without diabetes. Major risk
factors include elevated BP, obesity, a large waist circumference, a low HDL-C level, and a
high albumin-to-creatinine (ACR) ratio. Other risk factors are high levels of apolipoprotein B,
fibrinogen, interleukin-6, C-reactive protein, and leptin; a low adiponectin level; and dense lowdensity lipoprotein particles. In the Case-Control Study, 60.0% of youth with T2DM and 13.1%
of those without diabetes had 3 or more major CVD risk factors. Youth with T2DM had an
average of 2.9 risk factors compared with 1 risk factor in the control group.
In the TODAY Study, CVD risk factors, including dyslipidemia and markers of chronic
inflammation, worsened over 3 years despite lifestyle modification and glucose-lowering drug
therapy.

Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents,
National Heart, Lung, and Blood Institute: Summary report. Bethesda, MD: National Institutes of Health; October
2012. Available at: https://www.nhlbi.nih.gov/files/docs/peds_guidelines_sum.pdf. Accessed May 13, 2015.
Maahs DM, Daniels SR, de Ferranti SD, et al. Cardiovascular disease risk factors in youth with diabetes mellitus: a
scientific statement from the American Heart Association. Circulation. 2014;130:1532–1558.
West NA, Hamman RF, Mayer-Davis EJ, et al. Cardiovascular risk factors among youth with and without type 2
diabetes: differences and possible mechanisms. Diabetes Care. 2009;32:175–180.
Weinstock RS, Caprio S, Copeland KC, et al. TODAY Study Group. Lipid and inflammatory cardiovascular risk
worsens over 3 years in youth with type 2 diabetes: the TODAY clinical trial. Diabetes Care. 2013;36:1758–1764.
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In the absence of definitive data from long-term, randomized controlled trials, the Expert Panel
on Integrated Guidelines recommends the approach shown on the slide to reduce the risk of
macrovascular complications in youth with T2DM. We will not discuss the individual
components of this recommendation in detail, as we have already addressed them. Briefly,
however, risk reduction begins with intensive lifestyle management, consisting primarily of
MNT, increased physical activity, and smoking cessation, if applicable.

Treatment goals must be individualized, but general goals to be considered include a BMI that
is less than the 85th percentile for age and sex and BP that is below the 90th percentile for
age, gender, and height percentile. General lipid goals for youth with T2DM are LDL-C ≤100
mg/dL, triglycerides <90 mg/dL, and non–HDL-C <120 mg/dL. General glycemic goals are an
A1C of <7% and FPG of <100 mg/dL.
The third major component of cardiovascular risk reduction is individualized drug therapy.
Metformin should be initiated concurrently with intensive lifestyle management for most youth.
Some patients benefit from the addition of insulin therapy or the use of basal insulin as first-line
therapy. In addition, initiation of an ACE inhibitor or an ARB is beneficial for many nonpregnant
youth. Treatment with a statin or another lipid modulator should be considered for nonpregnant
patients whose dyslipidemia does not respond adequately to intensive lifestyle management.
The ADA cautions that the use of aspirin is contraindicated in patients under the age of 21
years due to the risk of Reye’s syndrome.
Expert Panel on Integrated Guidelines for Cardiovascular 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. Bethesda, MD: National Institutes of Health; October 2012.
Available at: https://www.nhlbi.nih.gov/files/docs/peds_guidelines_sum.pdf. Accessed May 13, 2015.
American Diabetes Association. Cardiovascular disease and risk management. Sec. 8. Standards of medical care in
diabetes—2015. Diabetes Care. 2015;38(Suppl 1):S49–S57.
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To reduce the risk or slow the progression of diabetic kidney disease, the
health care provider should educate youth with T2DM about the importance of
not smoking or smoking cessation. Both glucose control and BP need to be
optimized.
Whether or not hypertension is present, clinicians should initiate ACE inhibitor
treatment for nonpregnant patients with elevated urinary albumin excretion. It
is important to confirm the presence of albuminuria by measuring the ACR with
three urine specimens collected on different days. (A positive response on at
least two tests confirms the presence of albuminuria.) The ACE inhibitor dose
should be titrated to normalize urinary albumin excretion.
An ARB can be substituted for an ACE inhibitor when a nonpregnant patient is
unable to tolerate an ACE inhibitor.
If treatment does not reduce albuminuria sufficiently, the health care provider
should refer the patient to a nephrologist experienced in caring for youth with
T2DM.

American Diabetes Association. Microvascular complications and foot care. Standards of medical care in
diabetes—2015. Diabetes Care. 2015;38(Suppl 1):S58–S66.
Springer SC, Silverstein J, Copeland K, et al. Management of type 2 diabetes mellitus in children and
adolescents. Pediatrics. 2013;131:e648–e664.
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Results of some studies suggest that youth with T2DM have a higher
incidence of and more aggressive diabetic retinopathy (DR) than do those with
T1DM. In 2012, the SEARCH investigators published the results of a pilot
study that assessed the prevalence of and risk factors for DR in 222
participants with T1DM and 43 participants with T2DM. Participants had had
diabetes for at least 5 years and the mean diabetes duration was 6.8 years.
The graph shows that 17.1% of youth with T1DM and 41.9% of those with
T2DM had some degree of DR. In the T1DM and T2DM groups, respectively,
the prevalence of minimal DR was 14.4% and 25.6%, and the prevalence of
mild to moderate proliferative DR was 2.7% and 16.3%.
In the combined population of youth with type 1 and type 2 diabetes, risk
factors for DR were being of a race or ethnicity other than non-Hispanic white
and having elevated A1C and LDL-C levels.
In the TODAY Study, the prevalence of DR was also associated with the level
of glycemic control. DR prevalence was 4.7% in patients whose A1C was less
than 5.92%, 11.6% in those whose A1C was 5.93% to 7.80%, and 25.0% in
those whose A1C was greater than 7.81%.
Mayer-Davis EJ, Davis C, Saadine J, et al. SEARCH for Diabetes in Youth Study Group. Diabetic
retinopathy in the SEARCH for Diabetes in Youth cohort: a pilot study. Diabet Med. 2012;29:1148–1152.
Levitsky LL, Danis RP, Drews KL, et al. Retinopathy in youth with type 2 diabetes participating in the
TODAY clinical trial. Diabetes Care. 2013;36:1772–1774.
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According to the ADA and the AAP, youth should have an initial dilated and
comprehensive eye examination by an ophthalmologist or optometrist shortly after
their T2DM diagnosis. Follow-up examinations should be repeated annually by an
ophthalmologist or optometrist. Less frequent exams (every 2 to 3 years) may be
considered after one or more normal eye exams. Examinations are required more
frequently than once per year if retinopathy is progressing.
Youth with any level of diabetic macular edema (DME), severe nonproliferative DR, or
any proliferative DR should be referred to an ophthalmologist who is experienced in
the management and treatment of DR.
Laser photocoagulation therapy is the treatment of choice for youth with high-risk
PDR, clinically significant DME, and some cases of severe nonproliferative DR.
Currently, the anti-vascular endothelial growth factor (VEGF) agents ranibizumab and
aflibercept are indicated for the treatment of DME and the treatment of DR in patients
with DME only in adults. Similarly, the corticosteroid intravitreal implants
dexamethasone and fluocinolone acetonide are approved only for the treatment of
DME in adults.
Springer SC, Silverstein J, Copeland K, et al. Management of type 2 diabetes mellitus in children and
adolescents. Pediatrics. 2013;131:e648–e664.
American Diabetes Association. Microvascular complications and foot care. Standards of medical care in
diabetes—2015. Diabetes Care. 2015;38(Suppl 1):S58–S66.
Full citations for the prescribing information for Lucentis ® (ranibizumab injection), Eylea® (aflibercept
injection), Ozurdex® (dexamethasone intravitreal implant), and Iluvien ® (fluocinolone acetonide
intravitreal implant) are given in the Reference List that accompanies this activity.
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Until recently, many experts thought that neuropathy was uncommon in youth,
including those with T2DM. However, a SEARCH substudy found that diabetic
peripheral neuropathy (DPN) prevalence was 25.7% in youth with T2DM. This
is significantly higher than the 8.2% rate reported in youth with T1DM and
approaches rates observed in adults with T2DM.

DPN risk factors in youth with T2DM include older age, longer diabetes
duration, an increased waist circumference, elevated BP, a low HDL-C level,
and an ACR greater than 30 mg/g.
Given the substantial risk of neuropathy, the ADA recommends that clinicians
consider performing an annual comprehensive foot exam in youth with T2DM.
As of July 2015, no specific recommendations concerning the treatment of
DPN in youth with T2DM have been issued. However, because tight glycemic
control can prevent or delay adverse outcomes associated with DPN,
optimizing glucose control is essential.

Jaiswal M, Lauer A, Martin CL, et al. Peripheral neuropathy in adolescents and young adults with type 1
and type 2 diabetes from the SEARCH for Diabetes in Youth follow-up cohort. Diabetes Care.
2013;36:3903–3908.
American Diabetes Association. Children and adolescents. Sec. 11. Standards of Medical Care in
Diabetes. Diabetes Care. 2015;38(Suppl 1):S70–S76.
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According to the Expert Panel on Integrated Guidelines, an appropriate goal
for many youth with T2DM is __________.
a.a BMI less than the 85th percentile for age, gender, and height
b.a triglyceride concentration less than 150 mg/dL

c.an A1C less than 8%
d.a fasting plasma glucose level less than 120 mg/dL
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The correct answer is a.
According to the Expert Panel on Integrated Guidelines, an appropriate goal
for many youth with T2DM is a BMI less than the 85th percentile for age,
gender, and height.
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The prevalence of T2DM has risen dramatically in US youth in recent decades,
primarily because of an increased prevalence of obesity.
Both aggressive lifestyle interventions and metformin therapy may prevent the
onset of T2DM in high-risk youth.
Optimal management of pediatric T2DM requires effective interaction with
youth and their families.
During the period shortly after their diagnosis, most youth with T2DM can be
managed with lifestyle modification and metformin; eventually, many will also
require insulin.
Many complications of pediatric T2DM can be prevented or mitigated by
carefully controlling blood glucose, blood pressure, and/or lipid levels.
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