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  Type 2 diabetes, once considered a disease of adults, 
is a growing problem in the pediatric population. The 
emergence of type 2 diabetes in this age group has 
paralleled the epidemic of childhood obesity. Lifestyle 
modifi cations represent fi rst-line therapy for children 
and adolescents with type 2 diabetes. However, many 
children and adolescents go on to require treatment 
with oral medications or insulin for optimal control. A 
paucity of data exist regarding the optimal treatment 
regimen for children and adolescents with type 2 diabe-
tes. Further research regarding the treatment of type 2 
diabetes in youth is required.

  Introduction
  Type 2 diabetes mellitus has traditionally been viewed as a 
disorder of adults. The increasing prevalence of childhood 
obesity has been associated with an alarming increase in 
the number of children and adolescents with type 2 diabe-
tes. The screening, assessment, and management of type 2 
diabetes mellitus in children and adolescents are outlined.

  Epidemiology
  In the past, almost all children with diabetes were diag-
nosed with type 1 diabetes mellitus, and type 2 diabetes 
accounted for less than 2% of all new cases [ 1 ]. The preva-
lence of type 2 diabetes in childhood has increased by 33% 
in the past 15 years [ 2 ]. Studies suggest that between 8% 
and 45% of recently diagnosed diabetes in children and 
adolescents is now due to type 2 diabetes [ 1 ]. The prevalence 
is even higher in certain ethnic groups, with type 2 diabetes 

accounting for up to 46.1% of diabetes in Hispanic youth, 
57.8% in African American youth, 69.7% in Asian/Pacifi c 
Islander youth, and 86.2% in American Indian youth [ 3•• ]. 
It is estimated that about 151,000 people below 20 years 
of age have diabetes. The emergence of type 2 diabetes in 
children is not limited to North America. In Japan, type 2 
diabetes appears to account for 80% of all new diabetic 
cases among children and adolescents [ 4 ].

  Risk Factors
  Factors associated with an increased risk for childhood-
onset type 2 diabetes include obesity, specifi c ethnic groups, 
family history of diabetes, pubertal age, and female gender. 
The average body mass index (BMI) of children with type 2 
diabetes in various studies ranges from 35 to 39 kg/m 2  [ 5• ]. 
Two thirds of adolescents with type 2 diabetes are Afri-
can American or Mexican American [ 6 ]. A total of 45% 
to 80% of affected youth have a least one affected parent, 
and 74% to 100% have a fi rst- or second-degree relative 
affected [ 1 ]. Type 2 diabetes in youth is almost always diag-
nosed in puberty, with the mean age at diagnosis ranging 
between 13 to 14 years in various series [ 5• ]. Girls are 1.7 
times more likely than boys to develop type 2 diabetes [ 7 ], 
and the ratio may be as high as 4 to 6:1 in Native Ameri-
can populations [ 6 ]. Girls with polycystic ovary syndrome 
(PCOS) are especially at risk. Four percent of girls with 
PCOS also have type 2 diabetes [ 8 ].

  There is a U-shaped relationship between birth weight 
and the subsequent development of diabetes, with the high-
est risk seen in babies with low (< 2.5 kg) or high (> 4 kg) 
birth weights [ 9 ]. Maternal diabetes mellitus is also known 
to increase the risk of type 2 diabetes in offspring [ 10 ].

  Clinical Presentation
  The clinical presentation of children with type 2 diabetes 
is quite variable. Some patients are asymptomatic at the 
time of diagnosis, whereas others are quite ill and require 
care in an intensive care unit. A total of 90% of adoles-
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cents with type 2 diabetes have acanthosis nigricans at 
the time of diagnosis [ 11 ]. Most patients are overweight 
or obese, and 20% have polyuria, polydipsia, or weight 
loss [ 5• ]. A total of 25% of girls have a vaginal monilial 
infection as their chief complaint at presentation [ 5• ].

  Although ketosis has traditionally been associated 
with type 1 diabetes, 42% of African Americans with type 
2 diabetes present with ketonuria and 25% present with 
diabetic ketoacidosis [ 12 ]. Rarely, children with type 2 dia-
betes present in a hyperglycemic hyperosmolar state [ 13 ].

  Diagnosis 
  The following criteria are used to establish a diagnosis of 
diabetes: 
  

  • Symptoms of diabetes (eg, polyuria, polydipsia, 
or unexplained weight loss) plus a random plasma 
glucose concentration of  ≥  200 mg/dL. A random 
blood glucose can be performed at any time of the 
day without regard to time since last meal.

  • Fasting blood glucose  ≥  126 mg/dL. Fasting is 
defi ned as no caloric intake for at least 8 hours.

  • 2-hour plasma glucose  ≥  200 mg/dL during an oral 
glucose tolerance test (OGTT) using a glucose load 
of 75 g.

  Patients need to meet only one of the above criteria to 
be diagnosed with diabetes. These criteria do not distin-
guish between type 1 and type 2 diabetes [ 1 ].

  Patients with type 2 diabetes often present with high 
concentrations of insulin and C-peptide. Autoantibodies 
such as those against islet cells, insulin, glutamic acid decar-
boxylase, and tyrosine phosphatase (islet cell antigen 512) 
are generally absent in patients with type 2 diabetes [ 2 ].

  Screening 
  Universal screening for type 2 diabetes is not cost-effec-
tive. Therefore, targeted screening of children at increased 
risk for type 2 diabetes has been recommended by the 
American Academy of Pediatrics [ 14 ] and the American 
Diabetes Association [ 1 ].

  Screening is recommended every 2 years beginning at 
10 years of age or at onset of puberty (whichever comes 
fi rst) if children are overweight (BMI  ≥  85th percentile) and 
have two or more of the following additional risk factors: 

  

  • Type 2 diabetes in a fi rst- or second-degree relative 

  • Member of a high-risk ethnic group—Native 
American, non-Hispanic black, Hispanic, or Asian 
American 

  • Signs of insulin resistance (eg, hypertension, 
dyslipidemia, acanthosis nigricans, and PCOS)

  A fasting plasma glucose (FPG) is the preferred 
method of screening because it is more convenient, less 
expensive, and less invasive than the OGTT. The OGTT 
is a more sensitive test because it detects patients with 
diabetes early in the development of their disease when 
the FPG may not be elevated [ 15 ]. The OGTT should be 
performed in patients with an impaired fasting glucose 
(glucose > 100 mg/dL but < 126 mg/dL) or for those with 
a normal FPG but in whom the clinical suspicion for type 
2 diabetes remains high.

  Treatment
  Managing type 2 diabetes in children is primarily based 
upon data from studies examining treatment of type 
2 diabetes in adults. Currently a paucity of data exist 
comparing the relative effi cacies of diet, exercise, insulin, 
and other drug therapies in managing type 2 diabetes in 
children. Also, very little safety data and almost no data 
regarding patient-oriented outcomes exist. The goals of 
treatment include glycemic control with maintenance 
of glucose values as close to the normal range as pos-
sible without hypoglycemia and prevention of long-term 
complications. Based upon the evidence in adults and in 
children and adolescents with type 1 diabetes, the goal for 
glycemic control in children and adolescents with type 2 
diabetes is a hemoglobin A 1c  (HbA 1c ) less than 7% [ 16 ].

  Treating children with type 2 diabetes can be chal-
lenging and requires a multidisciplinary team and frequent 
follow-up visits. Potential barriers to treatment include 
the developmental stage of adolescence that is marked by 
increased desire for independence and risk-taking behavior, 
family dysfunction, depression, poverty, and social isolation 
[ 16 ]. A family-centered approach and active participation of 
the caregiver are crucial in the pediatric population [ 17• ].

  Lifestyle modifi cations
  Lifestyle modifi cations represent the fi rst-line treatment for 
type 2 diabetes in youth. The goal of lifestyle modifi cations 
is a gradual and sustained weight loss because even modest 
changes in weight can markedly improve glycemic control. 
Dietary recommendations include limiting consumption of 
foods with high levels of fat, sugar, and salt; eliminating 
beverages with high sugar content; increasing consumption 
of fruits and vegetables; and decreasing portion sizes. The 
“stoplight” or “traffi c light” diet approach can help chil-
dren and their families understand which foods should be 
consumed and in what amounts. Red foods, such as candy, 
should be avoided except on rare occasions. Yellow foods 
are moderate in calories and should be consumed in inter-
mediate amounts. Green foods, such as most vegetables, 
can be eaten as much as possible [ 18 ].

  Low-carbohydrate and low glycemic–load diets have 
been shown to lead to greater weight loss in overweight 
adolescents than low-fat diets, but have not been studied 
specifi cally in children with type 2 diabetes [ 19 , 20 ].
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  Willi et al. [ 21 ] studied the effect of a ketogenic, 
very low calorie diet in the treatment of 20 adoles-
cents with type 2 diabetes. Eleven of 20 patients were 
being treated with insulin and six with metformin. 
After initiation of the diet, mean daily blood glucose 
values decreased, allowing insulin and oral agents to 
be discontinued in all but one subject. After 2 months, 
BMI decreased signifi cantly and HbA 1c  decreased from 
8.8% ± 0.6% to 7.4% ± 0.6% ( P  < 0.005). No patients 
required resumption of antidiabetic medications. This 
study suggests that the ketogenic very low calorie diet 
may be an effective short-term therapy for pediatric 
patients with type 2 diabetes, but long-term data on 
effi cacy and safety are lacking.

  Physical activity is an important treatment compo-
nent for children with type 2 diabetes. Exercise improves 
insulin sensitivity, increases muscular glucose intake, and 
reduces insulin dosage in those requiring insulin therapy 
[ 22• ]. In general, children with type 2 diabetes should 
be encouraged to choose any physical activity that they 
enjoy and can accomplish on a regular basis. Patients 
are usually encouraged to start slowly and increase to a 
goal of 30 to 60 minutes of moderate to vigorous aerobic 
exercise on most days of the week. Resistance training 
is also benefi cial for children with type 2 diabetes. In 
a Hispanic population, resistance training 3 days per 
week for 16 weeks improved insulin sensitivity by 20% 
in overweight adolescents [ 23• ]. Exercise must become 
a lifelong habit for these patients because the benefi ts 
of exercise on the cardiovascular profi le are lost 3 to 6 
months after cessation [ 24 ].

  Unfortunately, diet and exercise alone are effective for 
metabolic control in less than 10% of youths with type 
2 diabetes [ 2 ] and most adolescents require initiation of 
drug therapy relatively early in the disease course.

  Oral medications
  Oral medications used in the treatment of type 2 diabetes 
are listed in  Table 1 . Currently available oral hypoglycemic 
agents can be divided into three subgroups: insulin sensitiz-
ers, insulin secretagogues, and glucosidase inhibitors.

  Insulin sensitizers 
   Biguanides : Metformin is the only oral medication 
approved for use in children with type 2 diabetes. Metfor-
min is a biguanide insulin sensitizer that decreases hepatic 
glucose production and increases muscle glucose uptake. 
Other benefi cial effects include moderate weight reduction 
and an improved lipid profi le. Metformin’s onset of action 
is in 4 weeks; therefore, metformin cannot be used in 
patients with ketosis or markedly elevated glucose levels.

  Despite metformin being the most widely prescribed 
antihyperglycemic drug for children with type 2 diabetes, 
limited studies exist in this population. Metformin was 
found to be safe and effective in a 16-week randomized, 
placebo-controlled, multicenter trial involving 82 ado-
lescents with type 2 diabetes, 10 to 16 years of age [ 25 ]. 
Metformin signifi cantly improved FPG and mean HbA 1c  
values compared with placebo (-42.9 vs +21.4 mg/dL and 
7.5% vs 8.6%, respectively).

  Dosing should be titrated slowly, starting with 500 
mg orally daily up to 2000 mg orally daily. Side effects 
associated with metformin include gastrointestinal upset, 
abdominal discomfort, and diarrhea in up to 50% of 
patients. These symptoms are generally transient. Extended-
release preparations of metformin appear to be generally 
better tolerated in adults but have not been formally studied 
in children. Patients taking metformin are advised to take 
a daily multivitamin because the absorption of vitamin B 12  
and/or folic acid can be compromised [ 5• ]. Metformin is 
contraindicated in patients with impaired renal function, 

 Table 1. Oral medications used in the treatment of type 2 diabetes 

 Class   Example(s)   Mechanism  Side effects 
 Approved for 

pediatric patients           

 Biguanide (insulin 
sensitizers) 

 Metformin  Decrease hepatic glucose 
production; increase muscle 

glucose uptake 

 GI symptoms, 
concern for 

lactic acidosis 

 Yes, for children 
 ≥  10 years old 

 Thiazolidinedione 
(insulin sensitizers) 

 Rosiglitazone, 
pioglitazone 

 Selective antagonists for PPAR- γ ; 
increase glucose transport into 
adipose, muscle, and liver cells 

 Fluid retention, weight 
gain, increased risk 
of heart disease in 

adults (?) 

 No 

 Sulfonylurea (insulin 
secretagogues) 

 Glimepiride  Enhance insulin secretion by 
their interaction with 

ATP-sensitive potassium 
channels on the  β -cell 

membrane 

 Increased 
hypoglycemia, 

weight gain, nausea 
and vomiting, skin 

reactions 

 No 

 Glucosidase inhibitors  Acarbose, 
miglitol 

 Interfere with  α -glucosidase, 
thereby inhibiting the hydrolysis 
and absorption of carbohydrates 

in the GI tract 

 Abdominal pain, 
diarrhea, fl atulence 

 No 

 ATP—adenosine triphosphate; GI—gastrointestinal; PPAR—peroxisome proliferator-activated receptor. 
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cirrhosis, hepatitis, alcoholism, or cardiopulmonary insuffi -
ciency because of the risk of lactic acidosis in these settings. 
Metformin should also be withheld before radiographic 
studies requiring the administration of radiocontrast dye. 
However, a recent meta-analysis of 40,000 patients did 
not indicate any increased incidence of lactic acidosis in 
patients taking metformin [ 26 ].

   Thiazolidinediones : Thiazolidinediones (TZDs), such 
as rosiglitazone and pioglitazone, are selective agonists for 
peroxisome proliferator-activated receptor- γ  that increase 
glucose transport into adipose, skeletal muscle, and liver 
cells. TZDs are indicated for monotherapy or for use in 
combination with metformin, a sulfonylurea, or insulin 
in adults with type 2 diabetes. TZDs are not currently 
approved for use in adolescents. No studies have been 
published that have used TZDs in adolescents with type 
2 diabetes. However, the TODAY (Treatment Options for 
Type 2 Diabetes in Adolescents and Youth) study group 
has a study in progress comparing metformin alone or in 
combination with rosiglitazone or lifestyle modifi cations 
for type 2 diabetes in children and adolescents ages 10 to 
17 years within 2 years of diagnosis [ 27•• ].

  Adverse effects associated with TZDs include weight 
gain and fl uid retention. Liver damage was a concern with 
a previously marketed drug of the same class. Therefore, 
it has been recommended that liver function tests be 
checked before the initiation of therapy and periodically 
thereafter. More recent evidence has suggested that using 
rosiglitazone in adults is associated with an increased 
risk of heart attack and death from heart disease [ 28•• ]. 
Recent data also exist in adults suggesting that long-term 
use of rosiglitazone or pioglitazone may increase the risk 
of hip and wrist fractures [ 29 ]. This raises a theoretic 
concern regarding these agents’ impact on bone mineral 
accrual in children and adolescents.

  Insulin secretagogues
   Sulfonylureas : Sulfonylureas enhance insulin secretion 
by their interaction with adenosine triphosphate sensitive 
potassium channels on the  β -cell membrane. Sulfonylureas 
are not currently approved for use in children, although 
studies in the pediatric population with second-genera-
tion agents are ongoing. The use of sulfonylureas has been 
associated with an increased incidence of hypoglycemia 
and weight gain. Other adverse reactions include nausea, 
vomiting, and skin reactions. Gottschalk et al. [ 30•• ] 
recently performed a randomized trial comparing effi -
cacy and safety of glimepiride (1–8 mg once daily) and 
metformin (500–1000 mg twice daily) for 24 weeks in 
285 children 8 to 17 years of age with type 2 diabetes. 
Glimepiride reduced HbA 1c  to a similar degree as metfor-
min, with 42.4% in the glimepiride group and 48.1% in 
the metformin group having an HbA 1c  less than 7%. The 
incidence of clinically relevant hypoglycemia was similar 
in both groups (10.6% for glimepiride and 8.5% with 
metformin,  P  = 0.554).

   Meglitinide analogues : Meglitinide analogues that 
specifi cally control meal-related glucose fl uctuations have 
been approved for use in adults. However, the require-
ment that they be taken before each meal has limited their 
usefulness in adolescent patients, and these agents are not 
currently approved for use in children and adolescents.

  Glucosidase inhibitors
  Acarbose and miglitol facilitate better postprandial 
blood glucose control by inhibiting  α  glucosidase, 
thereby interfering with the hydrolysis and absorption of 
carbohydrates in the gastrointestinal tract. Glucosidase 
inhibitors are not approved for use in children because 
no data exist on effi cacy and safety of these drugs in this 
age group. Acarbose and miglitol are generally poorly 
tolerated as unabsorbed carbohydrates lead to abdomi-
nal pain, diarrhea, and fl atulence; moreover, this drug 
needs to be taken before each meal, thus interfering with 
good compliance.

  Insulin
  Patients with type 2 diabetes mellitus who present with 
ketosis or with severe hyperglycemia (plasma glucose 
 ≥  200 mg/dL and/or HbA 1c  > 8.5%) should be treated 
with exogenous insulin [ 31 ]. The insulin dose required to 
restore glycemic control may be as high as 2 U/kg per day. 
Insulin therapy should continue until ketosis resolves and 
plasma glucose has returned to a normal or near-normal 
concentration. Those patients who are euglycemic (or near 
euglycemic) can be weaned from insulin and switched to 
metformin. Unlike the adult population, a substantial 
number of children get started on insulin therapy because 
the initial diagnosis is thought to be type 1 diabetes or 
is unclear. In a survey of 130 pediatric endocrinology 
practices in the United States and Canada, and three 
university-based diabetes centers in Florida, 48% to 50% 
of the children with type 2 diabetes were initially treated 
with insulin [ 32 ].

  Insulin therapy should also be initiated in those 
patients who fail to achieve adequate glycemic control 
with lifestyle modifi cations and oral medications. Insulin 
is highly effective in normalizing blood glucose concen-
trations and improving glycemic excursions with meals. A 
long-acting agent such as insulin glargine is often started 
as initial therapy. Usual starting dose of insulin glargine 
can be 0.2 U/kg per day given at bedtime. If glycemic con-
trol is inadequate with basal insulin, short-acting insulin 
may need to be administered before meals.

  Complications of insulin therapy include weight 
gain and increased risk of hypoglycemia. Compliance 
may be poor due to the need for frequent injections and 
for a diet regimen with frequent meals. No long-term 
prospective studies exist comparing glycemic control, 
hypoglycemic events, compliance, and quality of life 
between adolescents treated with oral hypoglycemic 
agents and insulin.
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  Future Clinical Directions
  A need for data exist regarding the optimal diet and exer-
cise plan for children with type 2 diabetes. There is also 
a need for data, short-term and long-term, on the use of 
the currently available oral medications in children and 
adolescents with type 2 diabetes. Results from ongoing 
studies, such as the TODAY study, will provide much 
needed data on effi cacy of some of the different treatment 
regimens for type 2 diabetes in this population. Also, 
unresolved questions exist regarding the use of insulin 
in this population. These questions include 1) Are there 
advantages to the early introduction of insulin therapy for 
preserving  β -cell function? 2) Does the serious message 
that accompanies the need to give injections promote bet-
ter adherence to therapy? 3) Which insulin regimens are 
preferred for glycemic control, as well as for promoting 
optimal adherence?

  Screening for and Treatment of 
Comorbidities and Complications
  Children and adolescents with type 2 diabetes are at risk for 
comorbid conditions, including hypertension, dyslipidemia, 
and nonalcoholic fatty liver disease [ 33• ]. These disorders 
may be present before the diagnosis of type 2 diabetes.

  Blood pressure should be measured at each health 
care visit. Patients who have elevated blood pressures (> 
95th percentile for age, gender, and height) on 3 separate 
days should be treated with an angiotensin-converting 
enzyme inhibitor.

  Among those with poorly controlled type 2 diabetes, 
65% have elevated total cholesterol, 43% have elevated 
low-density lipoprotein (LDL), and 40% have elevated 
triglycerides [ 34•• ]. Optimal lipid levels for children with 
type 2 diabetes are LDL less than 100 mg/dL, high-den-
sity lipoprotein greater than 35 mg/dL, and triglycerides 
less than 150 mg/dL. A lipid profi le should be obtained at 
diagnosis, after glucose control is established, and every 2 
years thereafter. If the LDL is elevated, lifestyle interven-
tions should be implemented. If after a 6-month trial of 
diet and exercise, the LDL remains between 130 to 159 
mg/dL, statin therapy should be considered. If the LDL is 
greater than 159 mg/dL after 6 months of lifestyle modifi -
cations, medications should be initiated [ 35•• , 36•• ].

  Abdominal examination for signs of hepatomegaly and 
monitoring of serum aminotransaminase concentrations 
are recommended screening for fatty liver disease. All 
patients with type 2 diabetes are also at risk for microvas-
cular complications and should be screened annually for 
microalbuminuria by obtaining a random urine sample 
that measures the microalbumin-to-creatinine ratio [ 1 ]. 
Treatment with an angiotensin-converting enzyme inhibi-
tor should be initiated if microalbuminuria is present. 
These children should also be screened by direct ophthal-
moscopy of dilated fundi for retinopathy at the time of 
diagnosis and regularly thereafter.

  Conclusions
  Type 2 diabetes in youth is a growing problem nationally 
and internationally with serious public health ramifi ca-
tions. Lifestyle modifi cations remain fi rst-line therapy for 
this condition. Due to limited success of lifestyle changes, 
children with type 2 diabetes often require treatment with 
metformin or insulin. Sulfonylureas appear to be safe and 
effective in this age group but this class of medication is 
not yet approved for treatment of type 2 diabetes in chil-
dren. There is currently not enough data to support using 
any other oral hypoglycemic agents in children. Further 
research, including controlled clinical trials, is required 
to determine the optimal treatment regimen for children 
with type 2 diabetes.
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