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Theincidence of type 2 diabetes and obesity in children and adolescents has risen at staggering rates. Studies
have shown that treating type 2 diabetes with oral medications in children may be more difficult than treat-
ing in adults. Compounding this problem is the fact that most of the medications available for treating type
2 diabetes have not been studied in children. Recently, the American Diabetes Association and the Pediatric
Endocrine Society have collaborated to create a guideline for the treatment of type 2 diabetes in children.
Similar to the treatment of adults with type 2 diabetes, metformin remains the mainstay of therapy along with
diet and exercise. Adjunctive therapy should be based on the limited clinical evidence available as well as on
patient preference. In order to avoid detrimental microvascular and macrovascular complications, patients, clini-
cians, and family members should work together to ensure adequate treatment of type 2 diabetes in children.
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INTRODUCTION

The incidence of childhood obesity is increas-
ing at a staggering rate, correlating with the
incidence of type 2 diabetes mellitus (T2DM).
Recently, the American Academy of Pediatrics
(AAP) released a clinical practice guideline to aid
providers in treating T2DM in children between
10 and 18 years of age. Many organizations,
including the American Diabetes Association
(ADA) and the Pediatric Endocrine Society,
collaborated to develop this guideline, which
emphasizes treatments focused on improving
clinical outcomes in pediatric patients.! This ar-
ticle provides an overview of T2DM and reviews
clinical practice guidelines in conjunction with
clinical trial data regarding the use of available
pharmacological treatments.'?

EPIDEMIOLOGY

The incidence of diabetes among youth is on
the rise. The 2008 National Health and Nutri-
tion Examination Survey (NHANES) found the
prevalence of T2DM among youth 12 to 19 years
of age increased from 9% in 1999 to 2000 to 23% in
2007 to 2008.% Incidence rates of T2DM are known

to vary by ethnicity. Research findings have
demonstrated a global increase in the incidence
of T2DM over the last 2 decades, with the greatest
incidence observed in non-white ethnic groups.*

With limited population-based data, the
SEARCH study aimed to estimate the incidence
of both T2DM and type 1 diabetes mellitus
(T1DM).® This multiethnic observational study
was conducted in subjects younger than 20 years
of age according to race, ethnicity, and type of
diabetes. Results of the SEARCH study found the
incidence of T2DM among non-Hispanic whites
10 to 19 years of age was 3.0/100,000 person-
years compared to 15.7/100,000 person-years
in African American youth.> Comparing age
groups, T2DM was most prevalent in youth 15 to
19 years of age, with the greatest incidence noted
in the American Indian subgroup at 49.4/100,000
person-years. A higher incidence was also ob-
served in females than in males.

PATHOPHYSIOLOGY

Under normal physiological conditions, insulin
is secreted from pancreatic B-cells in response
to elevation in blood glucose.® In fasting states,
glucagon is secreted from pancreatic o-cells and
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prevents hypoglycemia by activating hepatic glu-
coneogenesis.” Development of T2DM involves a
progressive imbalance in glucose homeostasis. In
both adults and children, impaired insulin secre-
tion from pancreatic B-cells and reduced insulin
sensitivity of the peripheral tissues represent the
defining physiologic defects.

Insulin resistance within the peripheral tissues
leads to hypersecretion of insulin from pancreatic
B-cells. This compensatory secretion is thought to
lead to overtaxing of the B-cells, which contrib-
utes to further decline in overall B-cell function,
paving the way for glucose intolerance.” In the
liver, insulin resistance leads to less regulation of
glucagon concentrations. Poor peripheral uptake
of plasma glucose in the fed state coupled with
ongoing hepatic glucose production leads to a
worsening glycemic state.®®

In children, the role of obesity in the devel-
opment of insulin resistance and, ultimately
T2DM, is well established.”!® Excessive visceral
fat has been independently associated with the
development of diabetes due to an increase in
insulin resistance." The NHANES compiled data
from 3281 children and adolescents (2-19 years
of age) and 719 infants and toddlers (birth-2
years of age) to evaluate the prevalence of high
body mass index (BMI). Results from the 2007
to 2008 NHANES found that among children 6
to 11 years of age, obesity rates increased from
6.5% in 1976 to 1980 to 16.9% in 2007 to 2008.">*
Overall, Hispanic males had a significantly
higher incidence of elevated BMIs. NHANES
data from 2009 to 2010 indicate the percentage of
children and adolescents 2 to 19 years of age de-
fined as obese or overweight was approximately
33%.!* Children who are obese or overweight
are at increased risk of developing T2DM. In
addition, their health may be further effected by
an increased risk of comorbid conditions such
as cardiovascular disease and sleep apnea.'*"
Furthermore, T2DM has been associated with
development of a number of microvascular
and macrovascular complications. Due to the
multiple health risks associated with obesity in
children and adolescents, prevention of T2DM in
overweight or obese youth is imperative.

DIAGNOSIS

The increase in childhood obesity obscures
the diagnosis between T2DM and T1DM. Up

to 25% of children who have T1DM are obese.?
Diagnosis of T2DM in children and adolescents
focuses on blood glucose concentrations and the
presence of key symptoms. These characteristic
symptoms include polyuria, polydipsia, blurred
vision, weight loss in association with glucos-
uria, and potentially ketonuria. Diagnosis of
T2DM must be accompanied by these symptoms
as well as a random plasma glucose concentra-
tion >200 mg/dL. Diabetes is also diagnosed by
a fasting plasma glucose (FPG) concentration
>126 mg/dL or a postchallenge (i.e., 75 mg of
anhydrous glucose in water) glucose concentra-
tion of >200 mg/dL or hemoglobin Alc (Alc)
26.5%.% Unfortunately, diagnosis of diabetes is
often delayed until complications are present.'?
Because of this, children who have BMI in the
85th to 95th percentile with a family history,
signs of insulin resistance (e.g., acanthosis nigri-
cans), or comorbidities of insulin resistance (e.g.,
hypertension, dyslipidemia, polycystic ovarian
syndrome, and others) are considered high risk
and should be screened for T2DM.>® Children
with a BMI >95th percentile should be screened,
regardless.>®

TREATMENT

Treatment of T2DM should be focused on
decreasing complications in children and adoles-
cents. Few studies exist in children with T2DM;
however, data from studies in children with
T1DM and adults with T2DM suggest that tight
glycemic control reduces the risk of microvascu-
lar complications.! Alc and fasting blood sugar
(BS) goals (<7% and 70-130 mg/dL, respectively)
are the same for children and adults with T2DM.!
Most clinical evidence surrounding T2DM and
pediatric patients involves the use of metformin
and insulin. However, many patients will remain
uncontrolled with these medications. The fol-
lowing section reviews lifestyle modifications.
In addition, each of the drug classes and their
potential role in this specific patient population
will be addressed.

Lifestyle Modifications

Treatment of every child with T2DM should be-
gin with lifestyle modifications, including physi-
cal activity and nutrition. Lifestyle modifications
are the cornerstone of treatment for T2DM, yet
they are frequently met with limited long-term
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success. Only 10% of pediatric patients with
T2DM achieve their BS goals with lifestyle modi-
fications alone. This is likely secondary to loss of
follow-up; a high rate of depression in teenag-
ers, which affects adherence; and peer pressure
steering toward unhealthy eating habits." It is
also possible that patients do not understand the
importance of diet, as it is not a medication being
prescribed. In fact, observational studies show
treatment of diabetes with lifestyle modifications
alone is associated with a higher rate of loss to
follow-up compared to those prescribed medica-
tions.” Consequently, most of these patients will
require addition of drug therapy.'

Patients should be encouraged to engage in
moderate to vigorous physical activity for at
least 60 minutes per day.! Moderate physical
activity is characterized by increased respira-
tion and perspiration. During such exercise,
the patient should be able to talk but not sing;
during vigorous physical exercise, the patient
should be unable to talk without pausing to take
a breath. When planning physical exercise, it is
important to consider the family’s circumstances.
Not all children can engage in physical exercise
in a structured environment due to financial or
logistical constraints. Individualizing the exercise
program will allow the patient to incorporate
physical activity into their daily routine while
taking into account their limitations and pref-
erences. Also, non-academic screen time (e.g.,
computer, television) should be limited to less
than 2 hours per day.'

The AAP guideline recommends clinicians
incorporate Academy of Nutrition and Dietetics’
Pediatric Weight Management Evidence-Based
Nutrition Practice Guidelines into their patient
education and counseling.! Ideally, a registered
dietician should provide initial comprehensive
detailed nutritional education. The patient’s
primary care provider should deliver ongoing
nutritional counseling to maximize adherence
and outcomes. These recommendations should
be culturally sensitive and financially feasible
and provided to all caregivers.? Common dietary
recommendations should include eating regular
meals and healthy snacks, reducing portion sizes,
choosing calorie-free beverages (other than milk),
limiting juice to 1 cup per day, increasing dietary
intake of fruits and vegetables, consuming 3 to
4 servings of low-fat dairy products per day,
limiting dietary intake of high-fat foods, limit-

ing frequency and size of snacks, and reducing
calories consumed in fast food meals.! Currently,
many restaurants include calorie counts on their
menu. For those who do not, information avail-
able online can assist in choosing meals. In ad-
dition, smart phone applications can assist in
helping patients to make decisions about fast
food, track calories and exercise, and achieve
weight loss goals.

Insulin

The use of exogenous insulin helps regulate
serum glucose by increasing its uptake into
muscle and adipose tissue and decreasing hepatic
glucose production. Weight gain, hypoglycemia,
and peripheral hyperinsulinemia are the most
common adverse events associated with insulin.”
The following insulin types are indicated for
use in children: aspart, glulisine, lispro, regular,
neutral protamine Hagedorn (NPH), detemir,
and glargine. Regimens that have shown success
in this patient population include a single dose
of long-acting insulin at bedtime with or with-
out an oral agent as well as basal/bolus insulin
regimens. The latter regimens require patients to
be willing to count carbohydrates and administer
the bolus insulin at meals based on a specific
calculation.!

Practitioners often delay the use of insulin in
children with T2DM due to regimen complexity
and adverse events. However, the AAP clinical
practice guideline states that insulin should be
used as a first-line treatment in children with
T2DM who are ketotic or are in ketoacidosis and
in whom a distinction between T1DM and T2DM
is unclear (Figure). In addition, insulin should be
used, at least in the short term, in those patients
with random blood sugar concentrations >250
mg/dL or Alc >9%." The use of insulin early in
the disease process allows glucose concentrations
to normalize while B- cells are provided a chance
to “rest and recover.” After this initial time pe-
riod, many patients can be titrated from insulin
and maintained with oral therapy.!

Limited evidence in children is available to
support the use of other medications used in
the treatment of T2DM. In fact, much of the evi-
dence has been extrapolated from adult data. The
Table provides a summary of these medications,
including their mechanisms of action, doses
studied in children (if applicable), and monitor-
ing parameters.
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Random BG >250 mg/dL,
A1c > 9%, symptomatic, or

ketosis or ketoacidosis

Yes

Insulin; diet & exercise; metformin

preprandial BG 90-130mg/dL;
2 hr postprandial BG <180mg/dL

Attempt to wean off insulin

No
Diet, exercise & metformin [¢—
Q
o]
S
S
)
Q
monthly review

(if feasible)
Alcevery 3months  BG < 130mg/dL
preprandial
and A1c<7%
BG > 130 mg/dL

preprandial

orA1c>7%

pajjodjuooun

Check compliance
Consider adding

= Sulfonylurea
TZD
DPP-4 inhibitor
Insulin
Meglitinide
Pramlinitide
GLP-1 agonists

Figure. Treatment algorithm for type 2 diabetes mellitus in children and adolescents.
BG, blood glucose; DPP-4, dipeptidyl-peptidase 4 ; GLP-1, glucagon like peptide-1; TZD, thiazolidinediones

Adapted from Rosenbloom and Copeland'?

Biguanides

Unless there are contraindications, all children
with T2DM should be started on metformin.
Metformin works by decreasing hepatic glucose
production and stimulating glucose uptake into
peripheral tissues.” Metformin should be initi-
ated in children 10 to 16 years of age at a dose of
500 mg daily with food and titrated up by incre-
ments of 500 mg every 1 to 2 weeks until a target
dose of 2000 mg daily is reached.! The most com-
mon adverse events associated with metformin
are gastrointestinal upset, including abdominal
pain and diarrhea.* Although rare, lactic acidosis
may occur in patients with renal and /or hepatic
impairment or cardiac/respiratory insufficiency
or in those undergoing studies involving iodin-
ated contrast dye.” Contraindications to metfor-
min therapy include renal dysfunction (defined
as serum creatinine >1.5 mg/dL in adult males
and >1.4 mg/dL in adult females) and acute or
chronic metabolic acidosis.?® Specific cutoffs for
serum creatinine in children are unknown; how-

ever, pediatric-specific monitoring of renal func-
tion is recommended. When used appropriately,
metformin lowers Alc 1 to 2% and aids in weight
loss.” Gastrointestinal adverse events may limit
achieving the target dose in some patients.
Clinical evidence supporting the use of metfor-
min in pediatric patients is limited. In a clinical
trial of 82 children and adolescents 10 to 16 years
of age with T2DM, patients were randomized
to receive metformin or placebo.”® The dose of
metformin was titrated to the largest tolerable
dose but did not exceed 2000 mg daily. The mean
FPG significantly decreased in the metformin
group while it increased in the placebo group
(=429 mg/dL vs. +21.4 mg/dL, p<0.001). Mean
Alc concentrations fell from 8.2% to 7.5% in the
metformin group and from 8.9% to 8.6% in the
placebo group. The between-group difference
was found to be statistically significant (p<0.001).
Other metabolic effects were observed in the
study. Mean serum cholesterol decreased from
baseline in the metformin group (9.7 mg/dL),
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reflecting the reduction noted in low-density
lipoprotein (4.2 mg/dL vs. +4 mg/dL in pla-
cebo); p=0.053). Consequently, the placebo group
experienced a slight increase in total cholesterol
(0.7 mg/dL; p=0.043). A greater weight loss and
BMI reduction were noted in the metformin
group. Mean weight change from baseline was
-1.5 kg in the metformin group versus -0.9 kg
in the placebo group, and BMI reduction was
slightly more in the metformin group (p values
not reported). Although adverse events (e.g.,
abdominal pain, diarrhea, nausea/vomiting,
and headache) occurred more frequently in the
metformin group, no patient discontinued treat-
ment due to an adverse event. The authors con-
cluded that metformin in doses <2000 mg/day
is safe and effective for the treatment of T2DM
in pediatric patients.

A more recent trial (TODAY Study), examined
the durability of metformin in 699 patients 10 to
17 years of age with T2DM.” After a 2- to 6-month
run-in period of metformin monotherapy (target
dose 2000 mg daily), patients were randomized to
metformin alone, to metformin plus rosiglitazone
4 mg twice daily, or to metformin plus lifestyle
interventions. The primary outcome, treatment
failure, was defined as a persistently elevated Alc
concentration (>8%) over a period of 6 months.
Rates of treatment failure were 51.7% in the
metformin group, 38.6% in the metformin plus
rosiglitazone group, and 46.6% in the metformin
plus lifestyle intervention group (p values not
reported). Metformin plus rosiglitazone produced
a 25.3% decrease in treatment failure compared
to metformin alone (p=0.006). Of note, the group
taking metformin plus rosiglitazone experienced
the greatest increase in BMI, but this was not a
determinant of treatment failure. Serious adverse
events, including diabetic ketoacidosis (n=11),
hyperglycemia (n=10), and hypoglycemia (n=4)
and 1 case of non-fatal lactic acidosis, were re-
ported in 19.2% of study participants. The TODAY
authors concluded that the glycemic durability
of metformin plus rosiglitazone was superior to
therapy with metformin alone in children with
T2DM, despite a small increase in BML%

Thiazolidinediones

Thiazolidinediones (TZDs) work to decrease
blood glucose by increasing insulin sensitivity in
liver, muscle, and adipose tissue and to decrease
hepatic glucose synthesis output. This class of

drugs is not approved for use in children; how-
ever, rosiglitazone in doses of 4 to 8 mg daily have
been studied.*” Pioglitazone has not been studied
in children; therefore, dosing recommendations
are not available. Adverse events commonly seen
in adults taking TZDs include edema, weight
gain, anemia, and potential for elevation of
liver enzymes. Typically, long-term use of TZDs
in adults will decrease Alc an average of 1%.%
TZDs have been associated with a potential
increased risk of bladder cancer and fracture
rates.>® Interim results from a long-term study
examining the association between pioglitazone
use and bladder cancer revealed patients with
the longest exposure to and highest cumulative
dose of pioglitazone experienced an increased
risk of bladder cancer.*® Use of rosiglitazone was
previously restricted due to concerns of increased
cardiovascular ischemic risk observed in a meta-
analysis.* At the time of this publication, the US
Food and Drug Administration requires removal
of the prescribing and dispensing restrictions for
rosiglitazone. Rosiglitazone continues to be mon-
itored under the Risk Evaluation and Mitigation
Strategy (REMS); however, the REMS has been
modified to reflect the aforementioned changes.*
Rosiglitazone use was evaluated in a pilot
study of obese adolescents with impaired glucose
tolerance (IGT).* In that study, 21 obese adoles-
cents 13 to 18 years of age with IGT or IGT com-
bined with impaired FPG were randomized to
receive rosiglitazone 4 mg daily (titrated to 8 mg
daily) or placebo. The investigators found 58%
of patients treated with rosiglitazone returned to
normal glucose tolerance compared with 44% of
patients treated with placebo (p=0.528). Although
few adverse events surfaced during this short-
term treatment, the authors concluded that, given
the cardiovascular concerns with rosiglitazone
in adults and the small amount of data regard-
ing its use in children, it would be premature to
recommend rosiglitazone in children.

Sulfonylureas

Sulfonylureas work by stimulating pancreatic
B-cells to secrete insulin. Although not labeled
for use in pediatrics, sulfonylureas have been
used safely in this population.*** Doses used
in studies include glimepiride, 1 to 8 mg once
daily,*** and glipizide, 2.5 mg twice daily.*® The
most common adverse events associated with
sulfonylureas include weight gain and hypo-
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glycemia.* The use of sulfonylureas in adults
provides lowering of Alc approximately 1.25%.*

Data regarding the use of sulfonylureas in
children are limited. A recent study compared the
safety and efficacy of glimepiride to that of met-
formin in 285 pediatric patients with T2DM.* Pa-
tients were randomized to receive metformin 500
to 1000 mg twice daily or glimepiride 1 to 8 mg
once daily for 26 weeks. Final mean doses were
3.8 mg daily for glimepiride and 1408 mg daily
for metformin. Hemoglobin Alc significantly
decreased from baseline in both the glimepiride
group (—0.54%; p=0.001) and the metformin
group (—0.71%; p=0.0002). In addition, 42.4% of
patients in the glimepiride group and 48.1% of
patients in the metformin group achieved an Alc
concentration of <7%. No significant differences
between groups were noted for blood glucose,
serum lipids, or hypoglycemic events; however,
patients in the glimepiride group experienced
more weight gain. The authors concluded
glimepiride was as effective as metformin in re-
ducing Alc, with more weight gain, in pediatric
patients with T2DM.

Although not specific to children with T2DM,
several additional studies have evaluated the use
of sulfonylureas in children. A prospective trial
of 12 patients 9 to 29 years of age evaluated the
effect of sulfonylureas (mainly chlorpropamide)
on glucose-induced insulin secretion in patients
with maturity-onset diabetes of the young.*” The
authors found that long-term administration of
sulfonylureas significantly enhanced glucose-
induced insulin concentrations by approximately
68%. Another small study of 6 patients with cystic
fibrosis who had developed impaired glucose
tolerance examined the effect of glipizide 2.5 mg
twice daily.*® The investigators found that glipi-
zide improved glucose tolerance, and only mild,
symptomatic hypoglycemia was noted. Finally,
a small study involving 40 children with TIDM
randomized patients to receive glimepiride 4 mg
daily or placebo.*” The investigators found no
differences between groups in weight, blood pres-
sure, insulin dosage, fasting serum glucose, rate of
hypoglycemia, Alc concentration, or serum lipids;
however, it is important to note that these were
not the intended primary outcomes of the study.

Meglitinides
Repaglinide and nateglinide work by stimulat-
ing insulin release from the pancreas in a glucose-

dependent manner. Neither agent is approved for
use in children. Data regarding use in children are
limited to a few case reports; therefore, dosage
information is not available.* The most com-
mon adverse events associated with this class of
agents include hypoglycemia, upper respiratory
tract infection, diarrhea, and headache.**** The
use of meglitinides in adults affords patients
approximately 0.75% in Alc lowering.*!

Alpha-Glucosidase Inhibitors

Acarbose and miglitol slow the absorption
of carbohydrates in the distal small intestine,
thereby decreasing postprandial serum glucose.*
The decrease in Alc achieved with acarbose and
miglitol is approximately 0.5% to 1%.* Common
adverse events such as flatulence, diarrhea, and
abdominal cramps may limit the use of these
medications in children and adolescents.*

The alpha-glucosidase inhibitors have not been
well studied in this population. Kentrup et al*
evaluated acarbose in patients with IGT related to
cystic fibrosis.* In this double-blind randomized
crossover trial, the efficacy and safety of acarbose
was evaluated in 12 glucose-intolerant patients
over a 5-day period. The researchers observed
that acarbose 50 mg 3 times daily caused a sig-
nificant decrease in serum glucose concentrations
compared to placebo. Of note, 67% of subjects
in the acarbose group reported gastrointestinal
disturbance. The authors concluded acarbose at-
tenuated increases in postprandial glucose and
decreased insulin secretion response in patients
with cystic fibrosis but at the expense of gastro-
intestinal side effects.

GLP-1 Agonists

Exenatide and liraglutide work as a glucagon-
like peptide-1 (GLP-1) agonists. GLP-1 is an incre-
tin hormone released from the gut in response to
meals. Its beneficial effects include slowed gastric
emptying, enhanced insulin biosynthesis, im-
proved B-cell function, and decreased appetite.*®
Neither agent is approved for pediatric patients.
Exenatide doses of 5 to 10 mcg twice daily have
been studied in pediatric patients. Liraglutide
has not been studied in children, therefore, dos-
age recommendations are not available. The
most common adverse events associated with
GLP-1 agonists include nausea, hypoglycemia,
vomiting, headache, and diarrhea.***® Exenatide
should be avoided in patients with a history
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of pancreatitis and severe renal impairment or
end-stage renal disease.” Liraglutide should be
avoided in patients with a history of pancreatitis
and a personal or family history of medullary
thyroid carcinoma.” Data from adults indicate
GLP-1 agonists are very effective, lowering the
Alc by approximately 1% to 1.5%.”

Clinical evidence surrounding the use of ex-
enatide in children is limited to the treatment
of obesity and TIDM. In a study of exenatide in
12 extremely obese children 9 to 16 years of age,
patients were randomized to receive placebo plus
lifestyle modifications or exenatide plus lifestyle
modifications for 3 months.” Patients were then
crossed over to receive the opposite treatment for
the next 3 months. Exenatide was given at 5 mcg
twice daily and then increased (if tolerated) to 10
mcg twice daily. The investigators found that ex-
enatide significantly reduced BMI, body weight,
and fasting insulin. In addition, exenatide was
well tolerated, with nausea being the most com-
mon adverse event reported. From this study, the
authors concluded exenatide deserves further
investigation for weight loss in obese youth. A
follow-up study examined the use of exenatide 5
mcg twice daily (increased to 10 mcg twice daily
after 1 month), in severely obese adolescents 12 to
19 years of age. Patients were randomized to re-
ceive exenatide or placebo for 3 months, followed
by an open-label extension period of 3 months in
which all patients were offered active treatment.
The investigators found that exenatide afforded
patients a greater percentage of reduction in BMI
than placebo (p=0.03). Adverse events were mild
to moderate and included nausea, abdominal
pain, diarrhea, headache, and vomiting; no
patient experienced hypoglycemia or pancre-
atitis. The authors concluded that exenatide is
safe and effective for the treatment of obesity in
adolescents. Raman et al** investigated the role
of exenatide as adjunctive treatment to insulin in
children with TIDM. In that study, 8 adolescents
13 to 22 years of age were randomized to receive
2 doses of exenatide (1.25 mcg and 2.5 mcg) or
insulin monotherapy. The investigators found
exenatide decreased postprandial hyperglycemia
but not glucagon suppression. Two patients ex-
perienced nausea requiring antiemetic therapy; 1
patient experienced hypoglycemia. The authors
concluded exenatide may be an effective adjunc-
tive treatment to insulin in TIDM and deserves
further investigation.

DPP-4 Inhibitors

GLP-1is rapidly degraded by dipeptidyl-pep-
tidase 4 (DPP-4) in vivo. By inhibiting DPP-4, the
beneficial effects of GLP-1 remain active. Agents
currently marketed in the United States include
sitagliptin, saxagliptin, linagliptin, and alo-
gliptin. DPP-4 inhibitors have not been studied
in children; therefore, dosage recommendations
are not available. The most common adverse
events associated with DPP-4 inhibitors include
upper respiratory tract infection, urinary tract
infection, headache, and nasopharyngitis.>®
Due to postmarketing reports of pancreatitis,
renal impairment, and serious allergic reactions,
these agents should be used with extreme cau-
tion or avoided in certain populations.™®* Alc
lowering with use of DPP-4 inhibitors in adults
is approximately 0.75 %.*

Amylin Analog

Pramlintide is a synthetic analog of amylin, a
hormone produced in vivo by B-cells and cose-
creted with insulin. Amylin inhibits glucagon
secretion, delays gastric emptying, and improves
satiety.”® The doses of pramlintide studied in
pediatric patients are 15 to 30 mcg given prior
to meals.®** The most common adverse events
associated with pramlintide include hypoglyce-
mia, nausea, headache, anorexia, and abdominal
pain.®® The package insert contains a black box
warning regarding severe hypoglycemia in
T1DM; suggestions to avoid this risk include
careful patient selection, patient education, and
appropriate insulin dose adjustments.® Data for
use in adults with T2DM indicate an Alc lower-
ing of approximately 0.5%.%

Clinical evidence regarding the use of pram-
lintide in children is limited to TIDM.®¢* Many
of the studies were very small, enrolling only 8
to 13 patients.®®* Results were similar among
studies; pramlintide was shown to decrease post-
prandial glucose with minimal adverse events.
One study investigated the effects of pramlintide
on Alc, body weight, and postprandial glucose
in children with TIDM.* In that study, 10 ado-
lescents 13 to 17 years of age were randomized
to active treatment with 15 mcg of pramlintide
before meals (titrated to 30 mcg before meals if
tolerated) or to control for 28 days. The investi-
gators found pramlintide decreased Alc, body
weight, and total insulin dose compared to the
effects in the control group (p<0.02 for each). The
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authors concluded that use of pramlintide in this
preliminary study led to improvements in Alc,
body weight, and insulin dose in adolescents
with T1DM and that pramlintide therapy war-
rants further investigation.

TREATMENT ALGORITHM

In T2DM, the rate of treatment failure with
monotherapy may be higher in the pediatric
population.?? Evidence from the TODAY study
indicates treatment failure with metformin
monotherapy was higher in the pediatric popula-
tion than in the adult population. This treatment
failure could not be explained by differences in
baseline characteristics, BMI, insulin sensitivity,
body composition, or adherence rates. In con-
trast, a study assessing time to failure with oral
therapy reported patients for whom monother-
apy failed were non-compliant with metformin
treatment.” In addition, characteristics associated
with a higher incidence of failure included initial
insulin therapy, presenting Alc level, and black
race or Hispanic ethnicity. It is possible that the
decrease in durability of glycemic control in
the pediatric population reflects a biological or
pathophysiological difference.”

Guidelines from the AAP and the International
Society for Pediatric and Adolescent Diabetes
Consensus Guidelines are clear about when to
use insulin or metformin.'? How to treat patients
who present with moderate concentrations of
hyperglycemia (random BS concentration of
200-249 mg/dL) or those patients who remain
uncontrolled on monotherapy with metformin
is less clear. In patients with moderate hypergly-
cemia, metformin alone, metformin plus insulin,
or insulin alone would all be reasonable choices.!
The question of what to do next remains unclear.
As previously discussed, many of the medica-
tions used to treat T2DM have not been studied
in children, and data are often extrapolated from
data in adults. If a patient’s Alc remains above
the goal of <7%, the following options exist:
increase frequency of office visits, increase BS
monitoring, add 1 or more medications to the
current regimen, refer patient to a registered di-
etician and /or diabetes educator, or intensify the
diet and exercise plan.! A variety of medications
are available for combination therapy; however,
one should keep in mind the limited clinical

evidence for each agent. Additional agents that
may be considered include sulfonylureas, thia-
zolidinediones, DPP-4 inhibitors, meglitinides,
GLP-1 agonists, or pramlintide (Figure). Adverse
events, dosages, administration, and monitoring
should all be taken into account when making
this decision.

Recommendations for monitoring BS in
children with T2DM should follow the ADA
recommendations for adults. For patients using
multiple insulin injections or an insulin pump,
BS should be monitored at least 3 times daily. For
patients using non-insulin therapies, less intense
insulin regimens, or lifestyle interventions alone,
BS can be monitored less frequently, and results
should be used to help guide therapy. The goal
for fasting BS should be 70 to 130 mg/dL for
most patients. Two-hour postprandial BS, with
a goal of <180 mg/dL, should be monitored in
patients whose FPG is controlled but Alc remains
uncontrolled.!

CONCLUSIONS

T2DM has emerged as a serious epidemic in the
pediatric population. The lack of clinical evidence
supporting use of various medications makes
treating this group of patients difficult. Lifestyle
interventions including exercise and nutrition
should be the cornerstone of therapy. Patients
and family members should be involved in edu-
cational efforts involving diet and exercise. The
AAP guideline recommends metformin or insulin
as first-line therapy in children with a diagnosis
of T2DM, depending upon clinical presentation.
Insulin is preferred if the need to reverse glucose
toxicity is present, such as ketoacidosis or signiﬁ—
cant hyperglycemia. Lifestyle interventions alone
are met with limited long-term success, and met-
formin and insulin are the only antidiabetic agents
approved for children. With limited pediatric
data, the choice of an additional agent presents a
unique challenge to the health care practitioner.
Choosing among these agents should take into
account patient preference and available data
for safety and efficacy in children and adults. Be-
cause providers are diagnosing T2DM in children
more frequently, future research should explore
whether these oral agents could potentially pre-
serve B-cell function and become effective tools
in combating this aggressive disease.
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