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Approach to the Patient

Approach to the Obese Adolescent with
New-Onset Diabetes

Philip Zeitler

Department of Pediatrics, University of Colorado Denver, Aurora, Colorado 80045

The prevalence of both type 1 and type 2 diabetes among children and adolescents
has been steadily increasing over the last few decades. However, as the general
pediatric population becomes more obese and more ethnically diverse, reliance on
phenotypic characteristics for distinguishing between these types of diabetes is be-
coming increasingly untenable. Yet, the recognition of differences in treatment
strategies, associated disorders, and both short- and long-term diabetes and cardio-
vascular outcomes supports the importance of diagnostic efforts to make a distinc-
tion between diabetes types. An approach to determination of diabetes type is dis-
cussed, focused on the presence or absence of autoimmunity and assessment of g-cell
function. Atthe time of diagnosis, it is generally not possible to be certain of diabetes
type, and therefore, initial treatment decisions must be made based on aspects of the
presenting physiology, with adjustments in treatment approach made as the indi-
vidual's course proceeds and additional information becomes available. The appar-
ent overlap between type 1 and type 2 diabetes that occurs in obese adolescents has
resulted in some controversy regarding mixed forms of diabetes that are ultimately
semantic, but this does raise interesting questions about the treatment of type 1
diabetes in the presence of an insulin-resistant phenotype. Finally, the lack of infor-
mation about the efficacy of treatment of cardiovascular risk factors, such as dyslip-
idemia and hypertension, along with the well-documented challenges in adherence
to chronic illness treatment in this population, creates substantial challenges. (J Clin
Endocrinol Metab 95: 5163-5170, 2010)

atient D is an obese 15-yr-old African-American male
P presenting for transfer of care of type 2 diabetes (T2D).
According to patient D and his mother, he was diagnosed
with diabetes approximately 1 yr earlier. He was started on
2000 mg/d of metformin and had good diabetes control.
Approximately 2 wk before his visit, patient D had an asthma
flare and was started on prednisone at an urgent care facility.
During this time, he noted his blood sugar levels were rising,
and he returned to the urgent care facility, where he was
found to have a blood glucose of 350 ng/dl, without acidosis.
He was given a fluid bolus, discharged with the addition of
30 U of insulin detemir to his metformin, and given an ap-
pointment to be evaluated at the Diabetes Center.

Limited records are available from his initial evalua-
tion. At that time, hemoglobin Alc (HbAlc) was 7.5%.

Abbreviations: BMI, Body mass index; HbA1c, hemoglobin Alc; IGFBP-1, IGF binding
protein 1; OHA, oral antihyperglycemic agent; T1D, type 1 diabetes; T2D, type 2 diabetes.
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His body mass index (BMI) was 35 kg/m?, and the diag-
nosis of T2D was made on the basis of his obesity, race,
and strong family history of T2D (mother, maternal
grandmother, maternal aunt). HbA1c remained less than
6% on follow-up prior to moving to Denver approxi-
mately 4 months before his visit to the Diabetes Center.

At the time of his Diabetes Center visit, his BMI was 34.5
kg/m?, blood pressure was 140/72 mm Hg, and HbA1c was
7.8%. His physical exam was unremarkable except for mod-
erately severe acanthosis nigricans around his neck and in his
axillae. His wheezing had resolved, and he had finished his
course of prednisone. Review of his blood glucose records
revealed some improvement in his readings since starting
insulin, and it was felt that the worsening of his glycemic
control had been due to his intercurrent illness and pred-
nisone treatment.

Background

The incidence of T2D has increased dramatically over the
past two decades among children and adolescents (1, 2).
Most recently, a U.S. population-based study—the
SEARCH for Diabetes in Youth Study—reported that the
number of new cases of T2D as a proportion of total new
cases of diabetes in older youth ranges from 6% (0.19 cases
per 1000) for non-Hispanic white youth to 76 % (1.74 cases
per 1000) for American Indian youth (3). The increased in-
cidence of T2D is concurrent with the rise in the number of
children who are overweight and leading a sedentary lifestyle
(4-7). Furthermore, obesity rates are higher among children
from ethnic minorities (8). However, being overweight and
of minority ethnicity does not protect children from devel-
opment of type 1 diabetes (T1D). Indeed, during this same
time period, the incidence of T1D has also been increasing
(9). Therefore, as the pediatric population becomes generally
more obese and more likely to be minority, more children
presenting with T1D will be, like their peers, more obese and
more likely to be African-American or Hispanic. In this new
setting, reliance on phenotypic characteristics to determine
diabetes type and guide treatment is no longer feasible. This
demographic shift in ethnicity and phenotype of adolescents
creates challenges for the clinician confronting an obese ad-
olescent with recent onset of diabetes.

Diagnostic Strategies

Diabetes should be diagnosed rigorously according to the
criteria outlined by the American Diabetes Association
(ADA) (10), including confirmation of diagnosis in asymp-
tomatic patients using repeat glucose and/or HbA1c. Once
the diabetes diagnosis has been confirmed, there are fea-
tures of presentation and phenotype that may be useful in
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TABLE 1. Clinical features suggestive of T2D in an
obese adolescent with diabetes

Evidence of insulin resistance
Hypertension
Dyslipidemia
Nonalcoholic fatty liver
Presentation during or soon after puberty
T2D in first-degree relative
Acanthosis nigricans
Sleep apnea
Ovarian hyperandrogenism (polycystic ovary syndrome)
Unconventional presentation
Candidiasis
Diagnosis of diabetes on routine physical examination

developing a presumption of T2D (Table 1). Of these,
degree of pubertal development is the most useful, al-
though in a negative fashion. Patients with T2D are almost
always in puberty, with a mean age of diagnosis of 13-14
yr and Tanner stage 4 to 5 (11) and are rarely, if ever,
prepubertal (12). Pubertal status cannot, however, be de-
pended upon to distinguish between T1D and T2D; T1D
accounts for a substantial percentage of adolescents with
new-onset diabetes, depending on ethnicity (13). Simi-
larly, T1D is nearly always diagnosed after the patient
presents with symptoms. However, pediatric patients with
T2D can vary from having mild asymptomatic hypergly-
cemia to severe ketoacidosis in up to 40% of patients, partic-
ularly among African-American adolescents (11, 14-16). The
presence of acanthosis nigricans (17) and elements of metabolic
syndrome, including hypertension (18-20), microalbuminuria
(21), dyslipidemia (22-24), and steatohepatitis (25), make T2D
more likely but may also be seen in obese adolescents with
T1D, and these conditions are not in themselves diagnostic.
Thus, whereas phenotypic features may make one or the
other diabetes type more likely, they are not sufficiently dis-
criminating to be reliable.

According to current ADA definitions (10), T1D is
characterized by insulin deficiency as a result of cellular-
mediated autoimmune destruction of the B-cells of the
pancreas and can be diagnosed by demonstration of pan-
creatic autoimmunity and loss of insulin secretion. T2D is
defined as diabetes accompanied by obesity, evidence of
insulin resistance, relative (rather than absolute) insulin
deficiency, and the absence of pancreatic autoimmunity.
Therefore, rigorous typing of diabetes requires examina-
tion for both the presence of autoimmunity and insulin
secretion. One approach to diagnosis of diabetes type in
the obese adolescent based on this pathophysiological dis-
tinction is shown in Fig. 1. Although a consideration of
single-gene-mutation forms of diabetes, such as MODY
(maturity-onset diabetes of the young) (26), is beyond the
scope of this discussion, these disorders should be consid-
ered in individuals who have a presentation and course
that is not characteristic of either T1D or T2D.
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FIG. 1. Approach to the determination of diabetes type in the obese adolescent with

diabetes. MODY, Maturity-onset diabetes of the young.

Among obese adolescents with diabetes who are clinically
diagnosed with T2D, up to 15% will have evidence for au-
toimmunity (27-30). Among 1211 obese adolescents
screened for participation in a treatment trial for adolescents
with T2D, 9.7% were found to be autoantibody-positive
(31). Furthermore, these antibody-positive individuals are
significantly less overweight, are younger than antibody-neg-
ative patients, have higher HbA1c, and have a greater degree
of B-cell impairment (32) associated with more rapid devel-
opment of insulin dependence (33, 34). Therefore, clarifica-
tion of antibody status is critical in the correct typing of an
obese adolescent presenting with diabetes. At the same time,
clinicians should keep in mind that there are a small number
of patients with unequivocal insulin deficiency who lack ev-
idence of autoimmunity (10, 35), have positive antibodies
other than those measured, or who have evidence of newly
identified autoantibodies (36).

However, antibody results may take days to weeks to
return, and more rapid distinction between T1D and T2D is
often clinically desirable. It has been proposed that measure-
ment of insulin secretion would be useful in distinguishing
the two entities (37). However, whereas fasting c-peptide and
insulin, as well as calculated indices based on fasting insulin
and glucose, are reliable estimates of insulin secretion deter-
mined by more rigorous approaches (38-42), this is only
true in the setting of stable metabolic status. During acute
decompensation, however, insulin and c-peptide secretion
may be transiently decreased. As a result, there is significant
overlap in fasting c-peptide concentrations between patients
with T1D and T2D at the time of acute presentation. There-
fore, the c-peptide result must be interpreted carefully due to
acute changes in secretion in the ill patient with either type of
diabetes, as well as the elevated concentrations of c-peptide

the presence of hyperinsulinemia that
avoid the technical and biological prob-
lems of insulin and c-peptide have been
explored. For example, measurement
of serum concentration of IGF binding protein 1 (IGFBP-
1), an indirect measure of insulin resistance because 1G-
FBP-1 is inhibited by high insulin levels, has also been used
to differentiate T1D from T2D. In one study, a serum con-
centration of IGFBP-1 less than 3.6 ng/dl distinguished T2D
with 93% sensitivity (43).

Thus, in the obese adolescent presenting with new-onset
diabetes or in whom, as in the presented case, no previous
diabetes type has been determined, measurement of pan-
creatic autoantibodies is necessary and will ultimately
provide important guidance for treatment decisions. Al-
though in the past measurement of pancreatic antibodies
has been a challenge due to variability of results and mea-
sured epitopes, the National Institute of Diabetes and Di-
gestive and Kidney Diseases (NIDDK) has recently completed
an effort to develop assays for pancreatic autoantibodies using
newly standardized DK units. These standardized assays will
become increasingly available in coming years. Measures of in-
sulin secretion may contribute to correct typing but require care-
ful interpretation based on the clinical setting. Although a pre-
sumptive diagnosis of T1D or T2D may be made based on
presenting features and phenotype, firm conclusions should
await results of biochemical testing and assessment of the
clinical course.

Given the prevalence of comorbidities at the time of di-
agnosis in adolescents with T2D and obese adolescents with
T1D (44-46), evaluation should also include assessment of
blood pressure, liver function, urine microalbumin excretion,
and serum lipids, either at the time of initial diagnosis or upon
reestablishment of metabolic stability. Retinopathy is less com-
mon at presentation in T2D than other comorbidities, but an
eye exam is appropriate within a few months of diagnosis.
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FIG. 2. Approach to the treatment of the obese adolescent with diabetes. MDI, Multiple

daily injection.

Therapeutic Strategies

Initial treatment of the obese adolescent with diabetes
must take into account that diabetes type is often not cer-
tain in the first few weeks of treatment, that 10-15% of
obese adolescents will have T1D, and that a substantial
percentage of adolescents with T2D will present with clin-
ically significant ketoacidosis (11, 14-16). Therefore, ini-
tial treatment should be based on the clinical presentation
while an open mind is maintained regarding both the di-
abetes type and eventual therapy. Figure 2 provides an
approach to initial treatment based on current practice
among pediatric endocrinologists.

Obese adolescents presenting with ketoacidosis require
initiation of sc or iv insulin. However, once acidosis is re-
solved, subsequent therapy of such patients depends on the
provisional clinical diagnosis. In those patients whose pre-
sentation or history suggests T1D, an intensive insulin regi-
men appropriate for management of this disorder is initiated,
along with T1D education and lifestyle change to address the
accompanying obesity and cardiovascular risk markers. On
the other hand, in those patients where the clinical impres-
sionis T2D, basalinsulin ata dose of 0.2-0.4 U/kg once a day
is started and titrated based on finger-stick glucose measure-
ments. Insulin is administered at whatever time of day is the
most likely to promote good adherence. At the same time,
metformin is initiated and titrated slowly to a target dose of
2000 mg/d (see section on initiation of metformin). Insulin
can be weaned based on glucose monitoring and can gener-
ally be discontinued within a few weeks.

Asymptomatic patients with an initial HbA1c (>9-10%)
suggesting very poor glycemic control may also require ini-

adolescents are generally greater than in
adult patients because adolescents typ-
ically come from families where over-
eating and a sedentary lifestyle are con-
sidered the norm (47). Thus, many
adolescents with T2D will not maintain
the recommended lifestyle changes and
will remain overweight with poor dia-
betes control (48-50). Therefore, treatment of these ad-
olescents with lifestyle intervention alone is often un-
successful, and initiation of drug therapy at an early
stage of their disease is frequently, but not universally,
required.

Despite the increasing prevalence of pediatric T2D, few
studies have examined treatment in children and adoles-
cents (51), and pediatricians have had to base manage-
ment on treatment paradigms developed in adults (51, 52).
Metformin is the most widely prescribed OHA in adoles-
cents and has a number of beneficial characteristics, in-
cluding demonstrated effectiveness, price, an excellent
safety profile, and promotion of weight loss. It is also the
only OHA approved by the Food and Drug Administra-
tion for the treatment of T2D in adolescents under the age
of 18.

Metformin isinitiated at 500 mg once a day and titrated
500 mg/wk to a target dose of 2000 mg/d. The side effects
of nausea and diarrhea are generally tolerable if titration
is slow and metformin is not taken on an empty stomach.
Patients should be instructed that the goal is reaching the
target dose and not the speed with which it is reached, and
clinicians should empower patients to hold off on dose
increases if needed due to side effects. Use of extended-
release formulations of metformin may be beneficial in
reducing gastrointestinal effects while offering potential
to improve adherence.

Patients not on insulin are asked to check their finger-
stick glucose twice a day a few days a week and whenever
the patient feels ill. This frequency of blood glucose mon-
itoring represents a sustainable balance between provid-
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ing adequate safety to identify gradual deterioration,
while avoiding excessive burden on this generally poorly
adherent population, particularly as the adolescents
quickly recognize that daily glucose readings are not used
for medication adjustment.

The target of therapy is to attain and maintain HbA1cless
than 6.5-7%, depending on which guidelines are followed
(10, 53). In most cases, this target can be successfully
achieved and maintained for extended periods with met-
formin monotherapy, combined with focused lifestyle coun-
seling. However, there is a subset of patients who will fail to
reach target on metformin alone or who will lose control over
a relatively short period of time. The distinguishing charac-
teristics of this subset are not well-defined but will become
clearer in coming years with the results of longitudinal stud-
ies of adolescents with T2D, such as the TODAY study (31).

The approach to the adolescent type 2 patient who fails
to attain and/or maintain target HbA1c has not been stud-
ied systematically. In most cases, pediatric endocrinolo-
gists experienced in the care of these youth will add basal
insulin as a second agent and titrate to achieve target
HbA1c. This combination of basal insulin and metformin
is often effective and may provide reliable glycemic control
for extended periods. Failure to achieve target at an insulin
dose of 1 U/kg or evidence for poor control of postprandial
glycemia may prompt consideration of the addition of rapid-
acting insulin, but the known challenges with adherence in
this population should be kept in mind. Premixed insulins
may offer some benefits in ease of administration over rapid-
acting insulin but require a degree of attention to meal times
and snacks that is not always achievable.

Other than metformin, no OHA is approved for use in
adolescents, and few studies have been reported, although
a number of clinical trials of newer agents are in various
stages of design and execution. In a randomized, con-
trolled trial of adolescents with T2D, the decrease in
HbA1c with glimepiride monotherapy was similar to that
achieved with metformin (54), but the frequency of hy-
poglycemia and weight gain was greater. Use of sulfonyl-
ureas in general is associated with frequent hypoglycemia
in these youth, possibly due to relatively retained B-cell
function. No studies of thiazolidinediones in adolescents
have been reported, and concerns regarding possible car-
diovascular, bone, and liver side effects have prompted
most pediatric endocrinologists to refrain from their use until
the results of such studies are available. Similarly, there is
only limited experience with or use of incretin analogs or
dipeptidyl peptidase-4 inhibitors. The TODAY study, a 15-
center NIDDK funded trial of alternative interventions for
adolescents with T2D, will provide some answers to these
questions when initial results are reported in 2011 (31).

jcem.endojournals.org 5167

Controversies

The occurrence of obese diabetic adolescents with auto-
immunity has created a controversy regarding the defini-
tion of diabetes type. As noted previously, as many as 15%
of the adolescents diagnosed with T2D on clinical grounds
are found to have evidence for autoimmunity (27-30, 43).
In response, some authors have proposed a category of
T2D with autoimmunity, often referred to as “type 1.5,”
“double,” or “hybrid” diabetes.

However, as the pediatric population becomes more
obese and demographic shifts lead to a greater prevalence of
minority adolescents in the population, it is to be expected
that more children in the United States presenting with T1D
will be, like their peers, more obese and more likely to be
African-American, Hispanic, Asian, or American Indian.
This does not mean that these individuals have a new or
combined type of diabetes. The underlying pathophysiology
of B-cell destruction remains the same, and these individuals
are best understood as having autoimmune T1D presenting
on the background of a relatively common, obese, insulin-
resistant phenotype. Furthermore, their diabetes course is
ultimately more similar to that of individuals with T1D, with
more rapid progression to insulin dependence (33). Yet, the
presence of obesity and insulin resistance does confer risks of
hypertension, dyslipidemia, sleep disturbance, and hepatic ste-
atosis not typical of T1D in individuals without the obese phe-
notype. Thus, whereas the concept of a new kind of combined
or hybrid diabetes adds little to our understanding of these in-
dividuals, an appreciation for both the etiology of their diabetes
and the long-term risks conferred by their obesity is critical in
planning both initial and long-term management.

The obese diabetic adolescent with autoimmunity has
also stirred questions regarding hybrid approaches to treat-
ment. If these individuals are presenting with autoimmune
insulin deficiency layered over an obese insulin-resistant phe-
notype, it would seem logical that there would be benefits to
adding agents aimed at reducing insulin resistance. However,
the evidence for efficacy is mixed. Vella et al. (55) reviewed
197 studies of the addition of metformin to treatmentin T1D
in adults and identified nine studies that were randomized
and included a comparator. In these studies, metformin was
associated with a reduction in insulin requirement, HbAlc,
weight, and total cholesterol, but only the reduction in in-
sulin requirement remained after formal analysis of com-
bined outcomes. In adolescents specifically, a recent meta-
analysis was only able to identify two randomized trials, both
of which documented lowering of HbA1c, but no other out-
comes were examined (56). The use of other insulin sensi-
tizers, such as rosiglitazone, has been even less well-studied
and has not shown promising results to date (57). The issue
is further complicated by recent evidence that insulin resis-
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tance is present in adolescents with T1D who do not have the
usual obese phenotype (58). Thus, the appropriate approach
to addressing the concomitant insulin resistance present in
obese adolescents with T1D remains unclear.

Areas of Uncertainty

The occurrence of T2D during adolescence may place the
individual at risk for major morbidity and mortality during
the most productive years of life. Indeed, analogy with the
time frame of cardiovascular disease in adults suggests that
the occurrence of significant cardiac events can be expected
as these adolescents reach early middle age. Furthermore,
reports suggest that the microvascular complications of
T2D, such as nephropathy and retinopathy, are being iden-
tified at an early age and often at the time of diagnosis (45).
Thus, there is reason to believe that the early onset of T2D is
associated with a risk for complications qualitatively similar
to that seen in adult patients with T2D and with a rate of
progression that is more rapid than in adolescents with T1D.

There are well-established, evidence-based guidelines for
the initiation of antihypertensive and cholesterol-lowering
agents for adults with T2D. Pediatric diabetologists, how-
ever, do not have access to such guidelines, and an evidence
base for these treatments may never exist, given the large
numbers and long time frames required for well-controlled
clinical trials to be completed. Furthermore, given the effec-
tiveness of interventions in adults, the ethics of placebo-con-
trolled trials in this population are open to question. Thus,
whereas there is a lack of long-term data on the benefits of
early initiation of adjunctive therapies in adolescents with
T2D, given the power of antihypertensive and statin therapy
in all populations so far studied, there is a strong argument
that such treatment should not be postponed. Guidelines
based on expert opinion (59) have been developed and rep-
resent a reasonable compromise between caution and pro-
active intervention.

Barriers to Ideal Practice

The population of obese adolescents with diabetes is heavily
minority and of lower socioeconomic status (2, 11). These
demographic characteristics are also associated with high
levels of family disruption, including single parent and non-
residential family situations, interrupted schooling, uncer-
tain transportation, and known risk for poor health choices
and medication adherence (60). When insurance and medi-
cal care access challenges are added, the design of treatment
programs for these adolescents becomes difficult. Previous
studies have demonstrated that reliability of care and med-
ication adherence are poor in adolescents with T2D (48, 61),
although less is known about medication adherence in obese
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T1D patients. Lessons learned from treatment adherence in-
terventions in better-studied chronic diseases (62, 63) are
likely to be helpful, as well as the effect of the aggressive
adherence program in TODAY (31).

Back to the Case

Based on patient D’s previous diagnosis of T2D and the as-
sumption that hyperglycemia had been a consequence of his
intercurrent illness, the dose of detemir was cut in half and
patient D was asked to monitor glucose levels at home. An-
tibodies were drawn, and the patient was scheduled to return
in 1 month. At his return visit, his glucose readings remained
elevated and his HbA 1c was 8.3 %. His antibody results were
notable for positive anti-glutamic acid decarboxylase and
anti-islet antigen-2 antibodies, both with high titer, consis-
tent with T1D. Patient D and his family were informed of
the diagnosis and were provided with complete T1D
education. He was started on intensive insulin therapy
with multiple daily injections of basal and bolus insulin.
At his return visit 2 months later, his HbAlc was 6.8 %.

Summary of Management

The illustrative case demonstrates the pitfalls of relying on a
clinical diagnosis of T2D even in the obese minority adoles-
cent with a family history of T2D; antibodies were ultimately
necessary for making the correct diagnosis. Although the
deterioration in the patient’s health status was not dramatic,
rapid onset of acute deterioration, including diabetic keto-
acidosis, is a real risk and can be avoided by identifying the
presence of autoimmunity and the implication of more rapid
onset of severe insulin deficiency. Even when acute decom-
pensation does not occur, failure to attain adequate control
in the antibody-positive obese adolescent being treated for
T2D may be misunderstood as a problem with adherence
and the need for a change in therapy delayed.

Therefore, the approach to the obese adolescent present-
ing with new-onset diabetes or being referred with clinically
diagnosed T2D is appropriately divided into three parts: 1)
immediate therapy based on the clinical presentation; 2) con-
sideration of the dual features of insulin deficiency and in-
sulin resistance that may be present; and 3) reconsideration
of diagnosis and adjustment of therapy based on subsequent
information. The obese patient presenting with severe hy-
perglycemia and/or ketoacidosis, irrespective of phenotype,
must be treated with insulin until resolution of decompen-
sation. When there is a strong presumption of T2D based on
clinical factors and where acidosis has either not occurred or
has resolved, metformin may be initiated along with insulin
and titrated as tolerated to a maximum dose. Similarly, in the
obese patient presenting with asymptomatic and/or mild hy-
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perglycemia, initiation and titration of metformin alone is
appropriate. At the same time, and irrespective of the as-
sumed diabetes type, an evaluation of obesity-related fea-
tures, such as insulin resistance, hypertension, dyslipidemia,
and hepatic steatosis, should be undertaken.

Equally important, however, is the reconsideration
of the diagnosis based on results of additional testing. Thus,
the obese adolescent who is found to be antibody-positive
should be informed of the presence of autoimmunity and the
implications of this finding, including the risk for the occur-
rence of other autoimmune diseases. At the same time, an
appropriate insulin regimen should be initiated. Conversely,
for the patient found to be antibody-negative, continued
therapy with metformin and weaning of insulin is appropri-
ate and likely to be effective for prolonged periods, while
avoiding the weight gain and management burden associated
with continued insulin therapy. Meanwhile, the presence of
components of the insulin resistance/cardiovascular risk
cluster should be addressed with a combination of lifestyle
intervention and, where appropriate, pharmacological inter-
vention, irrespective of underlying diabetes type.
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