
F E A T U R E  A R T I C L E

Type 2 Diabetes in Children and Adolescents: 
Risk Factors, Diagnosis, and Treatment

Kenneth C. Copeland, MD; Dorothy Becker, MD; Michael Gottschalk, MD, PhD; and Daniel Hale, MD

As an unfortunate consequence
of the current epidemic of
obesity among children and

adolescents, physicians can logically
expect to encounter increasing num-
bers of young patients presenting ini-
tially with signs and symptoms associ-
ated with uncontrolled hyperglycemia
and relatively advanced cases of dia-
betes. Understanding the wide array of
risk factors for type 2 diabetes that
frequently accompany obesity can
facilitate diagnosis and proper classifi-
cation of the condition, especially
within these younger age groups for
whom diagnoses of type 1 diabetes
were once handed down practically by
default.

While the decision to initiate
insulin therapy can be made independ-
ently of diabetes classification in cases
where hyperglycemia is severe, the type
of diabetes will affect how much
insulin is required for adequate treat-
ment. The priority in such cases is to
bring blood glucose levels under con-
trol as quickly as possible. Once under
adequate control, various options for
glycemic management can be imple-
mented based on type of diabetes,
patient lifestyle, motivation, family
support, and other factors. 

The following case and suggestions
for therapeutic intervention are presented
for purposes of educational discussion.
Although based on an authentic case, the
actual treatment course and outcome
have not been disclosed. The case pres-
entation has been condensed, and some
details have been modified in order to
both protect the patient’s privacy and to
facilitate discussion. 
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Presentation 
E.J. is a 13-year-old Hispanic girl who
presents to her primary care provider
with a complaint of vaginal discharge
for the previous 5 days. She is not sexu-
ally active. On questioning, she reports
excessive fluid intake that her mother
attributes to the summer heat. She is
otherwise asymptomatic. A urine dip-
stick test reveals 4+ glucose and trace
ketones. She is referred immediately for
a pediatric endocrinology consultation.

On physical examination, E.J.’s
weight is 257 lb and pubic hair and
breasts are Tanner stage IV. Her vaginal
discharge is consistent with a candida
infection. She has marked acanthosis
nigricans on her posterior neck and striae
on her abdomen and breasts. Her respira-
tions are not rapid or labored, and she is
not dehydrated. A random blood glucose
measurement of 287 mg/dl is obtained,
and fingerstick hemoglobin A1c (A1C)
test result is 11.1%. 

E.J.’s mother has type 2 diabetes,

which was initially diagnosed during her
pregnancy with E.J. Her mother also has
“foot trouble” resulting from diabetes,
and she walks with a cane. She is unable
to work because of her foot problems.
E.J.’s paternal grandmother and grandfa-
ther both have type 2 diabetes. Her
father, who works as an auto mechanic
at a local car dealership, has a history of
hypertension. Her 18-year-old brother is
described as “big,” but he has not seen a
doctor recently, and his glycemic status
is unknown. 

Commentary 
No longer considered to be a condition
of primarily adult onset, type 2 diabetes
has become increasingly common
among children aged 6–11 years and
adolescents aged 12–19 years. Although
there has been no definitive large-scale
reporting of incidence within these age
groups, a recent epidemiological review
has led to the suggestion that as many as
8–45% of new-onset pediatric diabetes
cases in the United States may be type
2.1–3 The Centers for Disease Control
and Prevention reported ~ 206,000 cases
of diabetes among those < 20 years of
age in the United States, giving an esti-
mated prevalence of 0.25%.4 As in
adults, it may be that many childhood
cases also go unrecognized, resulting in
the possibility of a substantial number of
children and adolescents with undiag-
nosed type 2 diabetes.

The increase in type 2 diabetes
among children and adolescents has
emerged in parallel with an alarming rise
in the number of young people who have
become overweight or obese (Figure 1).
Along with family history, obesity stands

Along with the epidemic of obesity
among children and adolescents in
the United States, additional risk fac-
tors for type 2 diabetes among these
age groups are becoming increasing-
ly apparent. This article discusses the
case of a young adolescent with mul-
tiple risk factors for type 2 diabetes.
Issues relevant to the diagnosis and
classification of diabetes in many
young patients are explored, along
with the importance of initiating
therapy that will allow rapid attain-
ment of glycemic control.
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out as a prominent risk factor for the
development of type 2 diabetes. Over the
past 20 years, the prevalence of child-
hood and adolescent obesity has dou-
bled, and without increased measures for
prevention, these numbers will likely
continue to rise.5 Although children and
adolescents representing all racial, eth-
nic, and socioeconomic groups have
been affected by this trend, Native
Americans, Hispanics, and African
Americans have become particularly
susceptible to the epidemic of obesity2,6

(Figure 2). Type 2 diabetes is especially
on the rise within these groups, and the
prevalence of hypertension among
African-American and Hispanic children
is also increasing, putting them at
increased risk for developing cardiovas-
cular disease.7

Insulin resistance is an almost
inevitably associated comorbidity of
obesity and often precedes the develop-
ment of type 2 diabetes.8 Abdominal
obesity, and in particular increased vis-
ceral fat, has been implicated as contrib-
utory to insulin resistance. A study of
32 overweight or obese Hispanic chil-
dren without diabetes but with a family
history of type 2 diabetes indicated that
increased visceral fat was independently
related to both increased insulin resist-
ance and decreased insulin secretion.9

Although insulin resistance is character-
istic of obesity in childhood, it typically
increases markedly during normal
puberty,10–12 even in nonobese individu-
als. Irrespective of ethnicity, insulin sen-
sitivity is reduced, while fasting glucose
levels are increased in both nonobese
and obese children during Tanner stages
II–IV of pubertal development.11–13

Insulin resistance as well as hyperinsu-
linemia generally are associated with
obesity in childhood and may progress
to impaired glucose tolerance (IGT) and
type 2 diabetes.14 Although no criteria
for diagnosis of metabolic syndrome
specific for children and adolescents
have been universally accepted, it is
apparent that insulin resistance and
hyperinsulinemia are common charac-
teristics among this complex array of
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Figure 1. Overweight prevalence among U.S. children and adolescents. Children
were aged 6–11 years, and adolescents were 12–19 years of age. Determined on the
basis of BMI, overweight designation included those in the ≥ 95th percentile.
Original data were from the National Health and Nutrition Examination Surveys I,
II, III, and 1999–2000. Collected here from Ref. 6. 

Figure 2. Differences in race and ethnicity affect overweight prevalence among
U.S. children and adolescents. Children were aged 6–11 years, and adolescents
were 12–19 years of age. Determined on the basis of BMI, overweight designation
included those in the ≥ 95th percentile. Original data were from the National
Health and Nutrition Examination Survey 1999–2000. Collected here from Ref. 6.

D
ow

nloaded from
 http://ada.silverchair.com

/clinical/article-pdf/23/4/181/320850/0181.pdf by guest on 09 April 2024



relevant question is whether differentiat-
ing patients such as E.J. as having type 1
or type 2 diabetes will affect the course
of therapy. In cases such as this, in
which the chief complaint was vaginal
discharge found to be associated with
hyperglycemia, classification may not be
immediately critical for initial treatment.
Whether a patient has type 1 or type 2
diabetes is often of little consequence
when the immediate goal is simply to
bring the plasma glucose levels under
manageable control as quickly as possi-
ble. Unfortunately, there are currently no
data from clinical trials specific to chil-
dren and adolescents that would guide
the choice of therapy in this case. 

There are many issues to consider
when initiating a therapeutic regimen for
a child or adolescent with type 2 dia-
betes, including illness severity and
stage, anticipated adherence, develop-
mental stage, and family socioeconomic
status and level of support. Ideally, the
therapeutic regimen chosen should be
one that will be accepted and afforded
and will be sufficiently efficacious to
result in achievement of the glycemic
targets without untoward side effects,
including severe or frequent hypo-
glycemia. Lifestyle changes that involve
the entire family, including detailed
attention to diet and exercise, constitute
the foundation of an effective treatment
plan. Rarely, simple modification of diet
and exercise habits alone are sufficient to
provide optimal or even adequate
glycemic control. In the case of E.J., a
dietary and exercise regimen would be a
necessary but most likely insufficient
component of the therapeutic plan. Phar-
macotherapy, in addition to behavioral
modifications, would be required in this
case to achieve optimal glycemic control
within a reasonable period of time. 

Choosing the best treatment for an
individual patient requires balancing
many factors, including efficacy, likely
side effects, simplicity, and convenience
of the treatment regimen. Ideally, a treat-
ment regimen that the patient finds sim-
ple and convenient will foster adherence
to therapy, which hopefully will lead to
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disorders.15 Hyperinsulinemia is often
sufficient to compensate for insulin
resistance during childhood; however,
the pancreatic �-cell may be unable to
compensate adequately for the state of
increased insulin resistance associated
with puberty, and IGT or diabetes may
ensue.16 In a recent study of 491 obese
children and adolescents at high risk for
developing type 2 diabetes, there was a
high prevalence (37%) of IGT with no
differences observed related to
ethnicity.17 Metabolic syndrome in
obese children and adolescents has been
estimated to range from 28.7 to
49.7%.18,19 In a recent study of 126
overweight Hispanic children aged
8–13 years with a family history of type
2 diabetes, prevalence of metabolic syn-
drome was found to be 30%.20,21

The American Diabetes Association
(ADA) criteria for diagnosis of diabetes
are the same for children, adolescents,
and adults. According to these guide-
lines, E.J.’s diabetes could be diagnosed
by the presence of polydipsia along with
a random plasma glucose level > 200
mg/dl. Classification of the type of dia-
betes is generally more difficult than
establishing a diagnosis of diabetes. In
many cases, classification is based on
observation of clinical features and
course, or it may be accomplished with
the aid of data from additional testing
(e.g., C-peptide test, detection of autoan-
tibodies, and determination of fasting
insulin level).2 Neither C-peptide nor
fasting insulin levels has been standard-
ized for distinguishing a diagnosis of
type 2 from type 1 diabetes in children;22

however, it is probable that there are
many patients who have clinical and bio-
chemical features of both type 1 and
type 2 diabetes.23,24

The classification of diabetes could
be assigned in E.J.’s case as highly likely
to be type 2, based on the presence of
only trace amounts of ketones in her
urine (which if present usually indicate
absolute or marked insulin deficiency),
along with the presence of obesity, acan-
thosis nigricans, and a strong family his-
tory of typical type 2 diabetes. A more
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rapid and sustained achievement of
glycemic targets, although in many cases
the progression of diabetes will require
implementation of more aggressive regi-
mens over time. This needs to be bal-
anced with the need to attain glycemic
control to reverse the insulin resistance
associated with glucose toxicity,25 which
is likely to be significant with an A1C
this high.

There are differences of opinion as
to how to approach the therapeutic needs
of these patients. Some would argue that
a simplified regimen would be preferred
because it would allow time for patients
to adjust to their treatment, with antici-
pation that intensification of therapy
might become more easily acceptable
than if it were initiated immediately at
diagnosis. Others feel that patients do
better with rapid intensified correction of
their metabolic status, which would then
allow maintenance on a more simplified
regimen if so desired. Examples of a
simplified approach that might be useful
in the case of E.J. include once-daily
long-acting insulin analog with or with-
out oral antidiabetic agents, the use of
oral agents alone, or the twice-daily use
of a premixed insulin analog. The coun-
terargument to this sort of “phased inten-
sification” approach is that a more
aggressive initial approach actually
might be more readily acceptable at the
time of diagnosis, compared to several
months or years later, after habits and
routines are well established. 

Long-acting insulin analogs, such as
insulin glargine, may be administered
once daily and can be used in conjunc-
tion with oral agent therapy. Glargine is
provided to deliver the required daily
basal insulin needs, independent of
insulin needs related to food ingestion.
In adults, supplemental rapid-acting
insulin or oral agent therapy often is
required to meet postprandial insulin
needs. Oral agent therapy alone should
also be considered in the case of E.J., at
least shortly after diagnosis is made,
because of its simplicity and the oppor-
tunity to avoid injections, although this
is unlikely to be as effective as initial
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and the requisite degree of adherence,
many are successful in adopting and
managing an intensive insulin regimen
successfully. Openly discussing the ther-
apeutic options, including the advantages
and limitations of each option, with E.J.
and her family would give the physician
an opportunity to gauge her likelihood of
success with whatever approach is cho-
sen. Over the course of therapy, discus-
sions regarding the eventual failures of
more simplified regimens to continue
providing her with adequate glycemic
control should be clearly explained as
characteristic of the disease rather than
personal failing on E.J.’s part. Because
type 2 diabetes is a progressive condi-
tion, more intensified treatment regimens
such as multiple daily injection therapy
or continuous subcutaneous insulin infu-
sion (pump therapy) may eventually
become necessary for E.J. to maintain
adequate glycemic control into adult-
hood. Increasingly, these treatments rely
on rapid-acting insulin analogs, either
alone as in pump therapy, or in combina-
tion with a long-acting insulin analog in
multiple daily injection therapy. Regard-
less of the treatment plan selected, suffi-
cient and age-appropriate initial educa-
tion, ongoing contact, and family
support and supervision will increase the
likelihood of long-term success. 

Regardless of the initial treatment
chosen for E.J., a critical factor in her
management of diabetes is likely to be
the support and involvement of her fam-
ily. From the case description, it seems
that E.J. lives in an intact, two-parent
home, which implies that some parental
support for managing her diabetes is
likely. Although having other people in
the home who have been diagnosed
with diabetes might be an advantage in
learning the components of diabetes
management (e.g., diet, blood glucose
testing, injection techniques), the fact
that E.J.’s mother has developed chronic
diabetic complications might indicate
that her own glycemic management has
been less than optimal for some time.
Multiple risk factors clearly indicate
that testing of E.J.’s father and brother

F E A T U R E  A R T I C L E

treatment with insulin in achieving a
timely normalization of glycemia. Most
experts would agree that an insulin sen-
sitizer is the oral agent of choice, and
metformin is the most widely prescribed
oral agent. Metformin has been shown to
be safe and effective in pediatric use,26

although as monotherapy in children and
adolescents with type 2 diabetes, it may
not provide adequate glycemic control
over an extended period of time.27 Com-
bination therapy (using different classes
of oral agents in combination) could also
be attempted in order to increase effica-
cy. The dilemma is whether the use of
insulin secretagogues may accelerate �-
cell demise in this age group, especially
if there is evidence of autoimmunity. 

With an A1C > 11%, insulin as ini-
tial therapy likely will be helpful in
achieving rapid glycemic control. The
choice of a premixed insulin or a pre-
mixed insulin analog would be reason-
able and sufficient to control fasting and
postprandial plasma glucose in some
cases. However, the use of a premixed
formulation reduces flexibility in meal
timing, pattern, and carbohydrate con-
tent. The choice between premixed
insulin and premixed insulin analogs
depends on the needs of the patient with
respect to timing insulin administration
and meals. If taken immediately before
meals, premixed insulin analogs are
preferable in attempts to deliver both
basal and postprandial glycemic cover-
age in every dose. Twice-daily adminis-
tration of a premixed insulin analog
obviates the need for mixing in the
syringe, as well as the need for an injec-
tion during school hours, thus reducing
possible barriers to compliance. The
convenience associated with disposable
insulin delivery pen devices may pro-
mote adherence to therapy in select
patients. As with any treatment regimen,
and especially those using insulin, fre-
quent monitoring of blood glucose levels
and corresponding dose adjustments are
essential. 

Although adolescents with poor
glycemic control often present special
challenges in achieving glycemic control
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for diabetes would also be recommend-
ed, in accordance with ADA guidelines
for screening. 

Special consideration should be giv-
en to the treatment of any child or ado-
lescent with type 2 diabetes, with partic-
ular attention to physical, developmental,
and emotional maturity; social environ-
ment; and resources. Despite an often
“adult” body size, children and adoles-
cents must not be treated simply as
younger adults. The use of adult-appro-
priate diabetes educational materials is
often not helpful, and the use of type 1
diabetes educational materials for chil-
dren or adolescents with type 2 diabetes
is inappropriate and occasionally
destructive. It is always ideal to attempt
to match a younger patient’s level of
commitment with an appropriately
designed therapy, considering any possi-
bilities to increase the likelihood of
adherence and compliance to therapy.
Finally, although not always possible
because of geographic distances and
variable availability of resources, the
involvement of a pediatric diabetes
health care team (e.g., pediatric endocri-
nologists, certified diabetes educators,
dietitians, nurses, and psychologists,
with access to social workers and other
physician specialists, including ophthal-
mologists and nephrologists) experi-
enced in management of type 2 diabetes
is ideal. 

The emergence of type 2 diabetes in
childhood and adolescence is alarming,
especially when one considers the long-
term public health and societal ramifica-
tions as these patients progress to chron-
ic complications, potentially at a very
young chronological age. Although pre-
vention is preferable, the recent advances
in diabetes technology, including newer
and more powerful oral agents, insulin
analogs that provide a more physiologi-
cal delivery of insulin, insulin infusion
devices, and accurate and less invasive
methods of assessing glycemic control,
offer great promise that improved, if not
ideal, glycemic control and associated
health-related benefits might be
achieved, thus reducing or preventing the
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