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Abstract Type 2 diabetes mellitus (T2DM) is a chronic
progressive disease with high morbidity and mortality rates.
Previously an adult onset disease, it is now being diagnosed
more and more in childhood and adolescence. Lately, Asia
has become the epicenter of this epidemic. Childhood T2DM
is a new challenge for the pediatrician. Due to similarities in
presentation, children may initially be misdiagnosed with
Type 1 diabetes mellitus (T1DM). Most oral anti-diabetic
agents have not been approved for use in adolescents, and
there is a concern for safety of their use. Lifestyle interven-
tion is difficult to conduct, and adherence to recommenda-
tions is lower in adolescents than in adults with T2DM.
Higher incidence and early onset of co-morbidities, with lack
of long term outcomes data make the management problem-
atic. In many communities, due to a shortage of specialists,
general practitioners will treat children with T2DM. Guide-
lines cited in this review are designed to help with the
diagnostic process and management.
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Epidemiology

Although still not a common disease in childhood, pediatric
type 2 diabetes mellitus (T2DM) is on the rise worldwide.

According to the SEARCH study, T2DM accounts for 15–
87 % of new diagnosis of pediatric diabetes in the USA, with
higher incidence among minority youths (17.0 to 49.4 per
100,000 person-years) compared with 5.6 per 100,000 in
non-Hispanic white [1]. Rapid industrialization and “west-
ernization” of nutrition has caused an explosion of obesity
and T2DM in Asia as well. In the Western world, T2DM is
mostly affecting the minority and socioeconomically disad-
vantaged youth. In India, T2DM is not a disease of the poor,
but rather is seen in urban affluent youth and has an associ-
ation with obesity. Data from India show a significant in-
crease in diabetes prevalence in both urban (from 13.9 % in
2000 to 18.2 % in 2006) and rural areas (from 6.4 % in 2000
to 9.2 % in 2006) [2]. Importantly, the proportion of young to
middle-aged individuals with T2DM is higher in developing
countries [3]. According to the International Society for
Pediatric and Adolescent Diabetes (ISPAD), T2DM makes
up nearly 60 % of new pediatric cases in Japan, 37 % in
Hong Kong, and 50 % in Taiwan. In Japan however, ~30 %
of youth with T2DM are not obese, and in Asian-Indian
urban children, half of those with T2DM have normal
weight, which is different from UK and USA [4, 5].

Diagnosis and Differential Diagnosis

Regardless of age and type, diagnosis of diabetes is based on
the following criteria, which are accepted worldwide:

& Symptoms of diabetes plus casual plasma glucose con-
centration ≥11.1 mmol/L (200 mg/dL).

or
& Fasting plasma glucose ≥7.0 mmol/L (≥126 mg/dL) (no

caloric intake for at least 8 h).
or

& 2 h postload glucose ≥11.1 mmol/L (≥200 mg/dL) dur-
ing an oral glucose tolerance test (OGTT).
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(The test should be performed using a glucose load of
1.75 g/kg of body weight to a maximum of 75 g)

or
& HbA1c ≥6.5 % *

*Consider variation of assay used and individual varia-
tion of the relationship between blood glucose and HbA1c

It is not easy to differentiate T2DM from T1DM in
children. With the epidemic of obesity, the typical pheno-
typical features of diabetes are becoming blurred, making
it more difficult to distinguish between the two. T2DM is
characterized by insulin resistance with beta cell defect and
progressive decline of insulin secretion, while T1DM is
caused by insulin deficiency which is mostly due to auto-
immune islet cell destruction. In youth however, the pres-
ence or absence of diabetes antibodies cannot be used as
the “gold standard.” Various studies show relatively high
prevalence of positive diabetes autoantibodies in adoles-
cents with typical T2DM phenotypes and course. The
SEARCH study reported that 21 % of children between
ages 10 and 19 y diagnosed with T2DM were positive for
GAD-65 antibody, but TODAY study found antibodies in
9.8 % of its cohort [1, 6]. When antibody-positive children
with clinical T2DM were compared to those who were
antibody-negative, the youth with antibodies had lower
body mass index and progressed towards insulin depen-
dency more rapidly [6]. In populations with high incidence
of T2DM, antibody testing for diagnostic purposes may
not be necessary, but knowledge of autoimmunity can
guide the therapy. C-peptide level in adolescents varies
greatly at the time of presentation, depending on islet cell
function. In complex cases only the clinical course of
disease and response to insulin-sensitizing agents over a
period of time can determine diagnosis.

Monogenic diabetes includes neonatal diabetes, subtypes
of maturity onset diabetes of the young (MODY), and mito-
chondrial diabetes and is characterized by lack of diabetes
autoimmunity. Some types respond to sulfonylureas. Genetic
testing for types of MODY, and neonatal diabetes are com-
mercially available.

Other potential causes of diabetes and hyperglycemia
must be considered, such as exocrine pancreas dysfunction
from cystic fibrosis, endocrine abnormalities (Cushing syn-
drome, pheochromocytoma), or polycystic ovarian disease
(PCOS) and drug-induced (glucocorticoids, anti-retroviral
drugs, or chemotherapeutic agents).

Clinic Presentation

Onset of T2DM is typically insidious. A third of youth is
identified by routine laboratory screening or during a non-
related illness. Common signs and symptoms include polydipsia,

polyuria, and polyphagia, often without weight loss. Al-
though obese children can develop autoimmune diabetes
as well, patients with T2DM with negative antibodies have
more pronounced signs of insulin resistance (acanthosis
nigricans), greater BMI, higher fasting C-peptide levels,
lower HbA1c values, and higher lipid levels at the presen-
tation [6]. A recent publication by the TODAY Group has
shown that in a large cohort of youth, T2DM often
presented with other metabolic abnormalities: dyslipidemias
(80.5 %), hypertension (13.6 %), and microalbuminuria
(13 %). Dyslipidemias were most commonly represented
by low high-density lipoproteins (HDL), and elevated tri-
glycerides (TG) [7]. Symptoms can include fatigue, slow
healing infections/wounds, blurry vision, and skin changes.
Recurrent yeast infections (vaginitis) are common in girls.
Table 1 summarizes the clinical characteristics of type 1 and
2 diabetes mellitus in youth.

More severe presentations include diabetic ketoacidosis
(DKA) or hyperosmolar hyperglycemic state (HHS). Ketosis
is caused by long standing toxic effect of hyperglycemia
(glucotoxicity), which adversely affects insulin secretion,
and causes a relative insulinopenia. Prevalence of DKA in
youth with T2DM can be as high as 13 %, while rare in
adults, and is more common in Hispanic and African–Amer-
ican adolescents. The same study also found that patients
with T2DM had more severe hyperglycemia and required
longer insulin infusion therapy and had a longer hospital stay
for the same severity of acidosis compared to those with
T1DM [8]. Diagnostic criteria of HHS include: serum

Table 1 Clinical characteristics of T1DM and T2DM in youth

Type 1 diabetes Type 2 diabetes

Age of onset Any Puberty

Presentation Acute Insidious

Gender (Male: Female) 1:1 1:1.7

Incidence Steady Increasing

Genetics Polygenetic Polygenetic

Ethnicity Higher in
Caucasians

Higher in non-Caucasian
minorities

Autoimmunity Yes No

HLA –DR3/4 Yes No

Insulin production Absent Variable

Insulin dependence Lifelong Variable

Obesity Equals population
trend

Increased (>90 %)

Acanthosis nigricans No Yes

Ketosis Common Up to 33 %

Autoantibodies Yes Noa

a can be present
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glucose >33 mmol/L (600 mg/dL), serum osmolality >330
mosm/L, mild ketosis and lack of acidosis. There are just a
few reports on incidence of HHS in children and youth,
indicating high mortality rate [9].

Treatment

There are many challenges in treating T2DM in children and
youth, including lack of access to care, socioeconomic lim-
itations, and cultural beliefs preventing families from seek-
ing medical help. Treatment of T2DM targets insulin resis-
tance and relative insulinopenia, but most of the current
treatment paradigms are based on adult data, and may not
always apply to children. Detailed treatment regimens are
beyond the scope of this review article, but general treatment
options are as follows.

Lifestyle Intervention

Dietary recommendations aim at weight loss in children. The
following steps have proven to be effective in obese youth:
(1) eating regular meals and snacks; (2) reducing portion
sizes; (3) choosing calorie-free beverages, except for milk;
(4) limiting juice to 1 cup; (5) increasing consumption of
fruits and vegetables; (6) consuming 3 or 4 servings of low-
fat dairy products per day; (7) limiting intake of high-fat
foods; (8) limiting frequency and size of snacks; and (9)
reducing calories consumed in fast-food meals [10]. It is
not recommended to restrict caloric intake to less than
1,200 kcal/d and prescribe difficult-to-adhere diets such as
ketogenic and protein-sparing, unless patients are closely
monitored by a specialist. Sugar and sugar-containing prod-
ucts should be limited.

Regular physical activity should be initiated and “screen
time” should be limited to 2 h a day. Maintaining moderate-
to-vigorous exercise for at least 60 min daily can be difficult
particularly with no resources or appropriate family support.
A written recommendation or plan as well as sensitivity and
acknowledgement of family’s circumstances can improve
adherence and outcomes.

Pharmacological Interventions

Biguanides (metformin) are the most commonly used insulin
sensitizing agents, and the only oral agents approved by the
USA Food and Drug Administration (FDA) for use in chil-
dren. Metformin acts primarily on the liver by suppressing
gluconeogenesis and improves glucose uptake by muscles.
Metformin, used as monotherapy can lower HbA1c by 0.5–
1 % [11]. Metformin is usually dosed for children between
ages 10 and 16 y; initial starting dose is 500 mg orally twice a
day with increases made weekly as needed by 500 mg/d in

divided doses to a maximum daily dose of 2,000 mg/d.
Metformin needs to be taken with meals and caution is
advised for those taking medications that affect renal func-
tion. Although hypoglycemia due to intake of metformin is
rare, caution is also advised for those who have insufficient
caloric intake, participate in strenuous activity, or those
taking other hypoglycemic medications. Lactic acidosis is
the most serious side effect, but this has not been reported in
children. Suggested monitoring while on metformin includes
fasting blood glucose, HbA1c, initial and periodic monitor-
ing of hemoglobin, hematocrit, and red blood cell indices;
and renal function (baseline and annually).

Thiazolidinediones or TZDs (rosiglitazone , pioglitazone)
are peroxisome proliferator-activated receptor (PPAR-γ) ag-
onists. They promote glucose uptake by skeletal muscles,
liver and adipocytes. TZDs are not approved for use in
children however, rosiglitazone has been found safe and
effective within a clinical trial in 10–18 y old subjects [12].
Hepatotoxicity, fluid retention, and weight gain are concerns,
and monitoring of liver enzymes is recommended. TZDs can
be used as a single agent, with metformin, and with insulin.
Hypoglycemia is a common side effect, and caution is need-
ed when used with insulin.

Sulfonylureas (insulin secretagogues) have limited use in
pediatric T2DM. Children diagnosed at a young age have
limited islet cell reserve, and overstimulation may accelerate
beta cell demise and insulin dependency. Major side effects
are hypoglycemia and weight gain. Short-acting or prandial
sulfonylureas (meglitinide analogs) can improve postprandi-
al control, but have same side effects, and require 3–4 times a
day dosing which is difficult for most adolescents.

Glucosidase inhibitors (acarbose) prevent glucose ab-
sorption in small intestine, and have mild hypoglycemic
effect. Side effects are flatulence and diarrhea.

Incretin-mimetics Two new classes have been used with
success in adults: glucagon-like-peptide-1 receptor agonists
and dipeptyl peptidase-4 inhibitors. These drugs increase
insulin secretion proportionate to blood glucose (BG) con-
centration, suppress glucagon, prolong gastric emptying, and
promote satiety, and aid to weight loss. There are ongoing
trials to evaluate safety and efficacy in adolescents.

Insulin is commonly used in youth with T2DM. It is the
most potent hypoglycemic agent. Newer “designer” prepa-
rations allow for various combinations to be created and to
tailor therapy to individual needs. However, many children
fear needles, which can compromise adherence. Major side
effects are hypoglycemia and weight gain.

In 2013, The American Academy of Pediatrics published
clinical practice guideline based on modalities that have been
shown to affect clinical outcomes in pediatric population
[13]. At the onset of T2DM, or for a known diabetes patient,
who presents with ketosis, (DKA or HHS) insulin therapy is
indicated, and children should be treated with intravenous
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fluids by a specialist. Insulin is also recommended for a new
onset T2DM with a random serum glucose >250 mg/dL and
HbA1c >9 %. Insulin can rapidly restore glycemic control,
reduce glucotoxicity, improve insulin sensitivity, and recov-
ery of islet cell function. Metformin can be later added, and
insulin gradually reduced and stopped. Initial insulin therapy
will also allow for adequate time for differentiating T1DM
from T2DM in ambiguous cases. If weaning from insulin is
not successful, one may consider wrong diagnosis or non-
adherence with prescribed regimen. It is important to provide
patients with appropriate technical skills, since insulin may
be required again later in the course of disease. In youth
presenting with mild hyperglycemia, metformin along with
lifestyle change is now recommended as the first-line thera-
py since in adolescents metformin is more effective than
lifestyle change alone. Metformin is usually well tolerated
and safe. Gastrointestinal side effects can be avoided by
gradually increasing the dose from 500 mg a day to
2,000 mg a day. Metformin facilitates weight loss or weight
maintenance, and has a low risk for hypoglycemia. Most
adolescents would choose an oral medication over an injec-
tion, but the adherence with pills in many cases is less than
optimal.

Recently, a large multi-center trial (TODAY) revealed that
metformin alone was inadequate in the majority of youths,
and addition of rosiglitazone to metformin is superior to
metformin alone in preserving glycemic control [12]. Rou-
tine use of rosiglitazone however cannot be recommended
due to a lack of FDA approval and emerging evidence of
potential side effects. The same trial demonstrated failure of
oral diabetes therapy and insulin dependency in 45.6 % of
subjects in an average of 3.86 y, which confirms earlier
reports on rapid progression of disease in youth [13].

Therapy adjustments are based on HbA1c. Most practices
aim at maintaining HbA1c at <6.5–7 %, and monitoring
HbA1c every 3 mo. A decision tree included in ISPAD
Clinical Practice Consensus Guidelines can provide a prac-
titioner with guidance [4]. Routine blood glucose testing is
recommended 2–4 times a day, based on whether diabetes is
in good control, and if the patient takes insulin, or is at risk
for hypoglycemia.

Treatment of Co-Morbidities

A large percentage of adolescents with T2DM have one or
more co-morbidities present at the time of diagnosis. ISPAD
recommends urine microalbumin testing and examination
for retinopathy at diagnosis and annually thereafter. Blood
pressure should be monitored at every visit. Testing for
dyslipidemia should be performed soon after diagnosis when
glucose control is established, and annually. Additionally,
evaluation for non-alcoholic fatty liver disease (NAFLD),
pubertal, menstrual irregularities and obstructive sleep apnea

should be done at diagnosis and addressed as indicated.
Detailed information is available in the ISPAD guidelines
on complications [5].

Confirmed hypertension (BP >95 % for age, gender, and
height) or albuminuria should be treated with an angiotensin
converting enzyme (ACE) inhibitor or, if not tolerated, an
angiotensin receptor blocker. Combination therapy may be
required if hypertension or albuminuria does not normalize
with single agent.

Cholesterol goal is LDL-C <2.6 mmol/L (100 mg/dL). If
LDL is borderline (2.6–3.4 mmol/L; 100–129 mg/dL) or
elevated (3.4 mmol/L; 130 mg/dL), repeat lipid profile
should be performed in 6 mo and dietary intervention to
decrease total and saturated fat initiated. If there is no im-
provement after 3–6 mo with diabetes control and diet,
pharmacotherapy is warranted. Statins have been shown to
be safe and effective in children as in adults and should be
the first pharmacologic intervention, although long-term
safety is not known.

Prevention and Screening

Currently, there is no justification for screening all youth for
T2DM. In high-risk populations, and in children at risk,
targeted screening using fasting serum glucose, or 2-h post
glucose challenge may be beneficial, and help to identify
youth with impaired glucose tolerance or “pre-diabetes”.
ISPAD defines children at risk for T2DM as follows:

& Children with BMI 85-95th percentile.
& If there is an immediate family history of type 2 diabetes,

early cardiovascular disease (CVD), or if there are signs
of insulin resistance (acanthosis nigricans, dyslipidemia,
hypertension, PCOS)

& Asian children regardless of BMI, if history of abnor-
mally low or high birth weight, or family history of
diabetes.

& Children with BMI >95th percentile, regardless of fam-
ily history or associated features.

Prevention of Type 2 Diabetes

There is no question that genetic factors determine a child’s
risk for T2DM, however, obesity is the leading environmental
factor, and accelerates manifestations and progression of dis-
ease. Relatively minimal weight loss can decrease the rate of
diabetes in at risk populations [14]. Unless obesity is
addressed, societies will see further global increase in inci-
dence and prevalence of T2DM in children. Prevention of
obesity should target eating patterns at home, and in school.
Health education should be provided by schools and health
care professionals. Communities and governments are charged
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with providing access to healthy foods and opportunities for
physical activity. Major investment in infrastructure may be
needed to promote healthier lifestyles.

Conclusions

T2DM is emerging at a much younger age, with more pro-
nounced islet cell defect and rapid progression toward insu-
lin dependency. There are significant barriers to care since
the disease disproportionately affects minorities and the un-
derprivileged. Most recent recommendations suffer from
lack of long-term data. Primary care physicians find them-
selves on the frontlines without much training or experience
in pediatric T2DM. Seeking for advice of a specialist, and
staying up to date in this rapidly evolving area is crucial for
proper diagnosis and treatment of this challenging disease.
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