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The incidence of both type 1 and type 2 diabetes (T1DM and T2DM) continues to rise within the pediatric
population. However, T1DM remains the most prevalent form diagnosed in children. It is critical that health-
care professionals understand the types of diabetes diagnosed in pediatrics, especially the distinguishing
features between T1DM and T2DM, to ensure proper treatment. Similar to all individuals with T1DM, lifelong
administration of exogenous insulin is necessary for survival. However, children have very distinct needs
and challenges compared to those in the adult diabetes population. Accordingly, treatment, goals, and
age-appropriate requirements must be individually addressed. The main objectives for the treatment of
pediatric T1IDM include maintaining glucose levels as close to normal as possible, avoiding acute complica-
tions, and preventing long-term complications. In addition, unique to pediatrics, facilitating normal growth
and development is important to comprehensive care. To achieve these goals, a careful balance of insulin
therapy, medical nutrition therapy, and exercise or activity is necessary. Pharmacological treatment options
consist of various insulin products aimed at mimicking prior endogenous insulin secretion while minimizing
adverse effects. This review focuses on the management of pediatric T1DM in the outpatient environment,
highlighting pharmacotherapy management strategies.
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INTRODUCTION

Diabetes is a term used to describe a variety of
metabolic diseases in which the pancreas either
does not produce enough insulin or the cells in
the body do not respond adequately, resulting in
high blood glucose values. Although the 2 main
types of pediatric diabetes are type 1 diabetes
mellitus (T1DM) and type 2 DM (T2DM), the
pediatric population is also affected by other
types including neonatal diabetes, cystic fibrosis-
related diabetes (CFRD), and secondary diabetes.
It is critical that healthcare professionals under-
stand the types of diabetes diagnosed in pediatric
patients, especially the distinguishing features
between type 1 and type 2, to ensure proper
treatment. Chronic management strategies of
the pediatric patient differ from those of the
adult population, and these approaches will be
reviewed. In addition, this review uses a patient
case to highlight pharmacotherapy management.

TYPE 1 DIABETES IN PEDIATRICS

Incidence and Pathophysiology

The incidence of pediatric diabetes is increas-
ing for both TIDM and T2DM diagnoses.!
Specific to T1IDM, it has been estimated by the
SEARCH for Diabetes in Youth study, that TIDM
was diagnosed in more than 18,000 US youth
in 2009.2 Pettitt et al’ estimated there are now
almost 167,000 pediatric patients in the United
States with TIDM.?

Type 1 Diabetes

T1DM is generally divided into 2 subgroups:
autoimmune and idiopathic. A patient’s risk for
autoimmune diabetes is based on the combination
of DR/DQ alleles in the histocompatibility locus
of chromosome 6. It is necessary but not sufficient
to be at high risk to develop the autoimmune form
of diabetes. An environmental trigger is also re-
quired to begin the autoimmune process by which
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Table 1. Diagnostic Criteria for Diabetes*

Parameter Measurement
Signs and Polyuria, polydipsia, polyphagia, and weight loss in association with a random blood glucose
symptoms concentration >200 mg/dL. Other symptoms include nausea, vomiting, abdominal pain, rapid

breathing, dehydration, and altered mental status. Other clinical signs include increased pulse
rate, decreased blood pressure, tachypnea, dry mucous membranes, decreased capillary refill,
ketotic odor to breath, acute abdomen, obtundation, and coma.

Fasting blood
glucose

Oral glucose
tolerance test

Hemoglobin Alc

>126 mg/dL on 2 separate occasions

75 g of anhydrous carbohydrates are administered with a 2-hr blood glucose level > 200 mg/dL

>6.5% (blood glucose of 139.85 mg/dLt)

*American Diabetes Association®
tMay be less efficacious in adolescents.®

killer T cells destroy the pancreatic beta islet cells.
Many times, the trigger is unknown; however, vi-
ral infections and early nutrition have been identi-
fied as potential triggers. The idiopathic subgroup
of TIDM is diagnosed when there is no evidence
of autoimmunity based on pancreatic or insulin
antibodies. In either form, diabetes occurs when
there is significant destruction of the insulin-
producing beta cells. Consequently, there is an
insufficient amount of insulin available to enable
glucose to enter cells. Subsequently, increased
concentrations of glucose remain in the blood,
resulting in hyperglycemia and increased serum
osmolality. In order for the kidneys to eliminate
glucose, increased consumption of water is neces-
sary to enable kidney filtration, resulting in a cycle
of polydipsia and polyuria until insulin is finally
administered. Due to the inability of glucose to
enter the cells and provide energy secondary to
the lack of insulin, other substrates such as fat
and protein are metabolized via the tricarboxylic
acid cycle. The byproducts of fatty acid metabo-
lism result in ketone body formation. As ketones
accumulate, the serum becomes acidic (pH<7.3),
and diabetic ketoacidosis (DKA), a potentially
life-threatening complication of diabetes, devel-
ops. The pulmonary compensatory mechanism
attempts to neutralize the acidosis by increasing
carbon dioxide production, and the physical signs
of tachypnea and ketotic breath* odor (acetone)
are observed. As the acidosis worsens, the child
becomes more critically ill, resulting in the possi-
bility of death due to severe acidosis, dehydration,
and cerebral edema if not treated rapidly with
insulin. After treatment and resolution of DKA,
subcutaneous insulin is initiated.

Classification

There are 4 criteria with which diabetes can
be diagnosed (Table 1).>® Only 1 of the 4 crite-
ria is necessary for the diagnosis. Historically,
T1DM has been diagnosed based on the classic
symptoms along with hyperglycemia. Although
we focus on the pharmacological management
of T1IDM, a brief definition of other pediatric
types of diabetes is included to aid the pediatric
healthcare practitioners in distinguishing among
the various forms.

Type 2 Diabetes

T2DM in children and adolescents share some
features similar to those diagnosed in adults, such
as a combination of peripheral and hepatic insu-
lin resistance. In addition, there is progressive
B-cell destruction leading to insulin deficiency.”
T2DM in children differs from T1DM as follows:
insidious versus sudden onset, obese versus
normal body mass index phenotype, physical
sign of insulin resistance (acanthosis nigricans),
versus insulin dependence, typically normal
versus very low C-peptide levels, usual lack of
pancreatic antibodies, and higher likelihood of
a family history of diabetes. The prevalence of
T2DM in children and adolescents has increased
in the past few decades.! Compared with adults
with T2DM diagnoses, youth experience a much
more rapid decline in B-cell function.® Also atypi-
cal of the adult population, up to 25% of youth
can present with DKA at the time of diagnosis
rather than hyperglycemic hyperosmotic coma
(which is rare in the pediatric population).’ In
addition to lifestyle modifications, treatment of
T2DM in children and adolescents may require
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insulin or a combination of both insulin (long-
acting) and oral medications (such as metformin)
or metformin alone.

Differentiating Between Type 1 and Type 2
Diabetes

Differentiating between TIDM and T2DM is
important and can be difficult, especially in over-
weight children. When the diagnosis of T1IDM
or T2DM is in question, insulin autoantibodies
to glutamic acid decarboxylase (GAD-65), islet
cell autoantibodies (ICA), and antibodies to ty-
rosine phosphatase (IC2A) should be obtained.
Recently, a new enzyme-linked immunosorbent
assay to detect ZnT8 autoantibody is being used.
This test can help distinguish those with type 1
diabetes by detecting zinc transporter protein,
which is not found in those with T2DM.

Type 1.5 Diabetes

Type 1.5 diabetes is associated with an obese
phenotype and laboratory characteristics of
both TIDM and T2DM. These children and
adolescents may present with DKA and physical
characteristics of T2DM (acanthosis nigricans and
obesity), as well as positive GAD-65 antibodies.
They may require insulin and/or oral agents at
different times of the life cycle.

Permanent Neonatal Diabetes

Permanent neonatal diabetes (PNDM) is a rare
form of diabetes with an estimated prevalence of
1in 100,000 to 300,000 live births. In most children
with a diagnosis of PNDM before 6 months of
age, diabetes is likely to be nonautoimmune and
caused by a mutation in 1 of a number of possible
genes related to insulin receptors. As a result of
deoxyribonucleic acid (DNA) analysis and uncov-
ering the underlying genetic cause, patients with
certain forms of PNDM may be treated with orally
administered sulfonylureas, enabling the release
of endogenous insulin that is associated with sig-
nificant improvement in Alc and quality of life."

Cystic Fibrosis-Related Diabetes

CFRD occurs in approximately 20% of ado-
lescents and 40% to 50% of adults with cystic
fibrosis." Despite sharing features of both TIDM
and T2DM, CFRD is a distinct type of diabetes
and is caused primarily by decreased insulin
secretion from pancreatic islet cells in association
with insulin resistance due to acute and chronic

illnesses associated with cystic fibrosis. As such,
people with CFRD require insulin due to the
architectural derangement of the pancreatic islet
cells secondary to the mucous plugging associ-
ated with cystic fibrosis.

Secondary Causes of Diabetes

Diabetes may also result from other diseases
and treatments that decrease insulin secretion
or increase insulin resistance. Examples of sec-
ondary diabetes include stress-induced hyper-
glycemia that may eventually result in TIDM
or T2DM or medication-induced diabetes from
medications such as steroids, antipsychotics, or
chemotherapy treatment. The hyperglycemia
may resolve once the secondary stress (e.g., ill-
ness) has resolved or the medication precipitating
hyperglycemia is no longer being used.

MEDICAL MANAGEMENT OF TYPE 1
DIABETES

Pediatric patients, regardless of diabetes type,
must be treated and educated differently from
adults with diabetes. Diabetes is a lifelong disease
that requires constant vigilance and adjustments
as pediatric patients progress through childhood.
Examples which can highly influence treatment
strategies are age at diagnosis, ability of the child
to communicate, infant and child eating patterns,
sporadic play/activity, pubertal status and devel-
opment, family dynamics, caregiver involvement
in diabetes daily management, psychological
adaptation to the diagnosis by both the patient
and the caregiver(s), and daycare and school
training. Goals of therapy are to maintain normal
growth and development and avoid both short-
and long-term complications. Striving for an Alc
goal of less than 7.5% is currently recommended
for all pediatric patients.'> However, individual-
ization is critical, specifically minimizing risk of
hypoglycemia or hyperglycemia based on the
unique needs of the patient. Children with TIDM
should be assessed initially and followed until
adulthood by a comprehensive multidisciplinary
team and center experienced in addressing the
special needs of this population.'®

Specific treatment and education for TIDM will
vary based on the type of diabetes. However, for
most children with diabetes, T1DM is the most
prevalent form. There are 3 main components for
the treatment of TIDM: medical nutrition therapy
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(MNT), exercise or activity, and medication man-
agement. Each component can influence overall
outcomes. All 3 components must be evaluated
by the healthcare practitioner when making
medication changes.

Nonpharmacologic Management

MNT is a critical component of diabetes man-
agement regardless of type of diabetes. Overall
goals of MNT are near normalization of glucose,
blood pressure, lipids, and weight. Consultation
with a registered dietician trained in pediatric
diabetes, preferably a certified diabetes educator
(CDE), is recommended. In T1IDM, carbohydrates
are the primary determinant of insulin needs.
Depending on the insulin regimen prescribed,
the MNT typically will be either carbohydrate
counting with fixed, prescribed amounts of
carbohydrates at each meal and snacks or carbo-
hydrate counting using insulin-to-carbohydrate
(I:C) ratios and correction factor (CF) or sensitiv-
ity factor (SF) calculations. Which insulin and
corresponding MNT regimen is prescribed is
determined by overall assessment of the patient
and family, optimally by various diabetes team
members. Factors to be assessed include how
well the patient and caregivers are coping with
the new diagnosis of diabetes, basic math abili-
ties, anticipated adherence to the regimen, social
factors, and diabetes support in managing the
diabetes at home, school, or daycare. Once an
insulin regimen and MNT are prescribed, the
patients and their families are taught how to
count carbohydrates using food labels, measure-
ment of portion sizes, and other resource materi-
als." MNT is an integral component of diabetes
management in TIDM. In-depth recommenda-
tions can be found in the Academy of Nutrition
and Dietetics Pediatric Weight Management
Evidence-Based Nutrition Guidelines."

Exercise or routine physical activity is the
second treatment component. Regular exercise
is important in all individuals with diabetes,
regardless of age. Regular activity will improve
insulin sensitivity and lipid levels, lower blood
pressure, assist in weight loss, and affect the
insulin and /or oral medication requirements. In
addition, regular activity can reduce stress and
enhance overall physiological well being. How-
ever, exercise can place individuals with TIDM
atincreased risk for hyperglycemia (if the patient
has insufficient insulin present) or hypoglycemia

(as muscles restore glycogen) during and after
the exercise. It is common practice to recommend
that patients check blood glucose values before,
during (if prolonged activity), and after exer-
cise. Increased testing of blood glucose values
is critical when new sports activities begin for
children. As a general guideline, blood glucose
values should be >100 mg/dL prior to exercise
and not over 300 mg/dL (especially if ketones
are present). Testing supplies and quick-acting
carbohydrates should always be available to
check and treat any low blood glucose values as
needed. As expected, activity and exercise will
vary dramatically among age groups represented
within the pediatric population, thus healthcare
professionals should review the type, intensity
and duration of activity with all patients to en-
sure blood glucose values are maintained within
the target range.

Pharmacological Management

Insulin therapy in T1IDM is essential for sur-
vival. Insulin therapy should most closely mimic
normal physiological insulin secretion based on
age, weight, and stage of growth and develop-
ment. Insulin treatment recommendations can be
achieved by using various insulin regimens from
a variety of insulin products, pens, or pumps.'*#
Table 2 lists common insulin products available
in the United States and their pharmacokinetic
parameters for use in the management of pediat-
ric patients."” Premixed insulin products should
not be recommended except in very limited
situations, such as an adolescent who refuses
injections and the parent/caregiver cannot mix
insulin products despite rigorous diabetes team
efforts to facilitate optimal diabetes care. Humu-
lin R U-500 (concentrated), although approved
for children with TIDM and able to improve gly-
cemic control as an adjunct to diet and exercise,
is rarely used in pediatric patients as few require
over 200 units of insulin/day.

In overweight adolescents with T1DM, studies
evaluating the efficacy and safety of metformin as
add-on therapy to insulin have been conducted
and published.”* Some of these studies were
limited by small numbers, short duration and
low doses of metformin. Ongoing research is
needed to further determine potential benefits
vs. risk before routine use can be recommended
in poorly controlled overweight adolescents with
T1DM. Several other ongoing clinical trials are
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Table 2. Pharmacokinetic Parameters of Insulin Commonly Used in Pediatrics in the United States*

Action profile

Insulin Trade name Manufacturer Onset Peak Duration
Rapid-acting
Lispro Humalog Eli Lilly 15-30 min 30-90 min 3-6 hr
Aspart Novolog Novo Nordisk 10-20 min 40-50 min 3-5hr
Glulisine Apidra Sanofi-Aventis 20-30 min 30-90 min 3-4 hr
Short-acting
Regular Humulin R Eli Lilly 30 min-1 hr 2-5hr 5-8 hr
Novolin R Novo Nordisk
Intermediate-acting
NPH Humulin N Eli Lilly 2-4 hr 4-12 hr 12-18 hr
Novolin N Novo Nordisk
Long-acting
Glargine Lantus Sanofi-Aventis 1-1.5hr No peak 20-24 hr
Detemir Levemir Novo Nordisk 1-2 hr No peak 14-24 hr

NPH, neutral protamine Hagedorn

*Adapted with permission from Diabetes in Control Clinical Mastery Series (www.Diabetesincontrol.com)."

evaluating the use of other oral agents in children
that are commonly used in the adult population.*

Insulin Requirements in TIDM

In children 9 months to 2 years of age, a rea-
sonable total daily dose (TDD) would be 0.25
to 0.5 units/kg/day. Children between 1 and 6
years of age who do not present in DKA should
receive approximately 0.5 to 0.6 units/kg/day
insulin. For children presenting in DKA, it may
be necessary to start at 1 unit/kg/day insulin,
in view of glucose toxicity. From >7 years of
age until the onset of puberty, children typically
require 0.75 units/kg/day. A starting, estimated
range from 0.75 to 1.5 units/kg/day of insulin
(or more in some situations) may be necessary
during puberty and during other times of stress
and illness. Insulin dosage adjustments are based
upon blood glucose values reviewed each day or
every few days. This is often referred to as pat-
tern management (i.e., evaluation of fasting pre-
breakfast, pre-lunch, pre-dinnertime and bedtime
blood glucose values). During the “honeymoon”
phase, a period that can range from days to weeks
after the initial diagnosis of T1DM, [ cell func-
tion improves as shown by decreased exogenous
insulin requirements. As such, insulin doses dur-
ing this phase will vary tremendously and may
need to be decreased quickly based upon blood
glucose review. Data suggest that maintaining a

very low dose of basal insulin (0.2 to 0.6 units/
kg/day) during the honeymoon phase may pre-
serve B-cell function.”” During the honeymoon
phase, monitoring of blood glucose values must
continue, although not necessarily 4 to 6 times
per day. Once the honeymoon phase has ended,
blood glucose values may abruptly increase
(due to waning of the honeymoon phase), with
insulin requirements going back to similar doses
prescribed at diagnosis.

Common Insulin Regimens

Basal bolus therapy (also referred to as inten-
sive insulin management [[IM] or multiple daily
injections [MDI]) is currently considered the
standard approach to the treatment of pediatric
diabetes as a result of the Diabetes Complica-
tions and Control Trial (DCCT) and follow-up
EDIC.**?” The DCCT demonstrated that the
earlier IIM was initiated (i.e., before chronic
complications were evident), the more effective
the therapy would be, resulting in positive and
lasting benefits. This regimen, which most closely
mimics normal physiological insulin production
prior to diabetes, uses basal and bolus insulin
products with I:C ratios and CF or SE. An I:C ratio
describes how many units of rapid-acting insulin
the patient should inject for a set amount (grams)
of carbohydrates. SF or CF typically are used in-
terchangeably. CF or SF is the estimated amount
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1 unit of rapid-acting insulin will lower the blood
glucose level (in milligrams per deciliter). Basal
insulin maintains glucose levels within the de-
sired target range when the patient is not eating
and prevents hepatic gluconeogenesis. Bolus
insulin prevents postprandial glucose elevations.
In most pediatric patients, both long-acting insu-
lins and all 3 rapid-acting insulin analogs have
been demonstrated to be effective. The reader is
referred to the specific manufacturers for detailed
product information.

Continuous subcutaneous insulin infusion
(CSII), also known as insulin pump therapy, is
considered a form of intensive insulin therapy
that uses one of the rapid-acting insulin analogs.
CSII therapy has been shown to provide reduc-
tions in Alc.® Examples of insulin pump prod-
ucts available include the Minimed Paradigm
(Medtronic Diabetes, Northridge, CA), One Touch
Ping (Animas Corporation, West Chester, PA),
OmniPod (Insulet Corporation, Billerica, MA),
ACCU-CHECK Combo (Roche Insulin Delivery
Systems, Inc., Fishers, IN), and T-slim (Tandem
Diabetes Care, San Diego, CA).** Pumps can pro-
vide multiple doses of insulin without numerous
injections. Typical bolus doses of insulin, as well
as custom prandial insulin delivery (for high-
protein/high-fat meals) can be programmed
into the insulin pump. Typically the pump site
(or infusion set) is changed every 2 to 3 days.
Infusion sets consist of a cannula inserted into
the body, plastic tubing (to carry the insulin
from the pump to the cannula), and an adhesive
which holds the cannula in place on the body.
Infusion sets are available in many different de-
signs and combinations of cannula and tubing
lengths for different body types, lifestyles, and
activity levels. CSII therapy can deliver numer-
ous basal rates throughout the day and night,
allow for insulin adjustments when the patient
is ill and has increased insulin requirements, al-
low the user to reduce basal rates of insulin for
anticipated low blood glucose values (i.e., after
rigorous exercise), and suspend insulin in cases
of low blood glucose.” The decision to use CSII
therapy should be determined by the patient,
caregivers, and diabetes team. Multiple factors
should be considered prior to starting a patient
on CSII therapy. Key factors include patients who
monitor blood glucose values 4 or more times/
day, a strong foundation of diabetes knowledge,
specifically the ability to count carbohydrates,

and solve diabetes-related issues. Adequate
family involvement, demonstrated adherence to
previously prescribed diabetes self-care tasks, and
appropriate communication and access to their
diabetes care team are essential. Lastly, practical
concerns such as sufficient health insurance or
other financial resources to sustain CSII therapy
must be considered (insurance coverage for all
diabetes supplies, prescriptions, insulin pumps,
and continuous glucose monitors will vary based
on the insurance plan, state, and region in the
United States). All patients and their parents/ pri-
mary caregivers must be well trained to perform
CSIL. If CSII therapy is interrupted due to pump
malfunction or improper use, high blood glucose
values and ketonemia can develop rapidly.* Part
of CSII therapy is to always have basal and rapid-
acting insulin readily accessible to switch to I[IM
therapy, if necessary, as well as round-the-clock
telephone access to the child’s diabetes team.
The MiniMed 530G system (Medtronic Diabe-
tes, Northridge, CA) is a first generation artifi-
cial pancreas system approved by the US Food
and Drug Administration (FDA) in 2013 for the
management of diabetes mellitus in persons
16 years of age and older. The system includes
an external glucose sensor and insulin pump,
transmitter, glucose meter, and therapy manage-
ment software. Sensor signals are transmitted
to the insulin pump and converted into glucose
values every 5 minutes. The patient is required
to continue testing blood glucose values for both
device calibration and management decisions.
The unique feature to this system is that it can be
programmed to automatically suspend delivery
of insulin when the sensor glucose value falls
below a predefined threshold value between 60
and 90 mg/dL. The threshold suspend feature is
optional; but if turned on, a sensor value below
the programmed threshold will result in pump
alarm, siren, and suspended insulin delivery. The
system is not intended to treat hypoglycemia but
rather reduce risk for severe hypoglycemia by
alerting the user to immediately check a blood
glucose value to determine treatment. During a
threshold suspension event in which the pump
siren is not heard or addressed by the user, the
pump will automatically suspend for 2 hours.
Upon completion of the 2-hour suspension, if
still without user intervention, the pump will
automatically resume basal insulin delivery for
another 4 hours. The Automation to Stimulate
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Pancreatic Insulin Response (ASPIRE) study
showed reduced nocturnal hypoglycemia with-
out significant differences in glycated hemoglo-
bin when using sensor augmented insulin pump
therapy (SAPT) with threshold suspension com-
pared to SAPT without threshold suspension.™
Conventional split-mixed insulin therapy (often
referred to as conventional insulin management
(CIM), although no longer considered the optimal
form of therapy in pediatric T1DM, is still se-
lected for some patients due to underlying unique
family/social or economic circumstances that
preclude giving insulin at school or the inability
to perform intensive self-care skills. Due to these
unique situations, healthcare professionals should
be aware of this therapy and how to convert pa-
tients between various regimens. CIM typically
consists of 2 doses of rapid-acting insulin in com-
bination with an intermediate or basal insulin ad-
ministered twice daily at set times. Insulin is given
before breakfast and before dinner, usually 2/3 of
the TDD in the morning and 1/3 of the TDD prior
to the dinnertime meal. After the child has gone
through the honeymoon phase, the dinnertime
insulin may be split, with the rapid-acting insulin
given at mealtime and the intermediate insulin
moved to bedtime. This change moves the peak
action of neutral protamine Hagedorn (NPH) to
early morning, closer to when the patient is awake
and ready to eat. It also correlates with the dawn
phenomenon (a rise in the glucose level secondary
to growth hormone). Meals and snacks should
not be skipped or delayed on this regimen to
avoid hypoglycemia. In pediatric practice, where
dose adjustments are frequent due to anticipated
normal growth and development, individual
insulin products are preferred over premixed
combination preparations. With this regimen,
caregivers must be taught to mix the rapid-acting
and intermediate or basal insulin prior to each in-
sulin injection. Patients are instructed to draw up
rapid-acting insulin prior to intermediate or basal
insulin to avoid contamination of intermediate or
basal in the rapid-acting vial, which could affect
pharmacokinetic parameters of the insulin. Table
3 differentiates advantages and disadvantages
between conventional and basal bolus therapy.

Clinical Case Presentation Showing Insulin Dosing
Calculations

A 4-year-old boy weighing 20 kg presented to
his primary care physician with a 2-week history

of increased urination, increased drinking, and
bedwetting. There was no vomiting. A urinaly-
sis in the office revealed 4+ glucose and trace
ketones. A random blood glucose was noted to
be 450 mg/dL. His hemoglobin Alc was 10%,
reflecting an approximate 3-month estimated
blood glucose value of 240 mg/dL. TIDM was
diagnosed, and the child was started on sub-
cutaneous insulin. He was initially placed on 2
injections per day of split-mixed conventional
insulin (NPH/rapid-acting at breakfast, NPH/
rapid-acting at dinnertime), as there was no adult
trained to provide insulin at lunch. His carbohy-
drate amounts were determined (Table 4*?) and
his doses were calculated as follows in Table 5.

Four months after the diagnosis, the patient
was transitioned to classic basal/bolus therapy,
when lunchtime insulin administration was no
longer an issue, as shown in Table 6. In this ex-
ample, the I:C ratio was the same throughout the
day. However, it is not uncommon for patients to
have different I:C ratios for different meals due
to hormonal changes (affecting an individual’s
insulin sensitivity) as well as varying amounts
of activity.

After several months, the child attended dia-
betes camp and now asks to be transitioned to
an insulin pump (CSII). As noted previously,
transition to CSII requires increased diabetes
self- care skills including frequent blood glucose
monitoring, problem solving skills and manual
dexterity. Changing the insulin regimen when
transitioning from MDI to CSIl is relatively easy.
The patient’s I:C ratio is now 1:30, and CF or SFis
90, both are simply programmed into the pump.
To determine the basal rate of the insulin pump,
which will now be provided by the rapid-acting
insulin, one would take the TDD of glargine (Lan-
tus) the patient injected while on MDI (6 units)
and divide by 24 hours; thus programming the
pump with a rate of 0.25 units per hour. Insulin
dose adjustments can be made quickly based on
blood glucose responses gathered from pattern
management analysis.

Nonprescription Medications for Diabetes
Despite questions regarding their efficacy and
safety, over-the-counter dietary supplements,
herbal products, or vitamins are commonly used
by the diabetes population.*® Supplements rou-
tinely used for diabetes include cinnamon, gin-
seng, chromium, aloe, bitter melon, Gymnema,
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Table 3. Comparison Between Conventional Split-Mixed Insulin Therapy and Classic Basal Bolus Therapy

Weight

Conventional Split-Mixed Insulin Therapy

Classic Basal/Bolus*

Fixed doses of insulin
2-3 injections per day
No lunchtime injection at school

Advantages

Can use when a caregiver is unavailable to

provide multiple injections
Improved adherence
Simpler regimen

Less frequency of blood glucose monitoring

(typically 4 times/day)

Disadvantages Fixed doses of insulin

Fixed amounts of carbohydrate at specific
times, with 3 meals and 2-3 snacks/day
Decreased flexibility of meal timing

More complicated sick day management

Matches carbohydrate intake more
physiologically

Can be given immediately after eating, with
dose based on amount of carbohydrate
intake (i.e., toddlers)

Better pharmacokinetic delivery of insulin,
with less hypoglycemia and a lower insulin
requirement

Liberalization of diet: amount and timing
Greater flexibility with time of exercise
Easier to manage with travel and time zone
changes

Typically better weight control

Less anxiety in trying to keep to a schedule
Higher satisfaction and improved quality of life
Easier sick day management

Numeracy skills are required to calculate
insulin doses

Must bolus for all ingested carbohydrate
Multiple injections (>3 per day)
Increased checking of blood glucose
(typically 4 or more times/day)
Increased attention to diabetes self-care

*Intensive insulin management/multiple daily injections

fenugreek, and nopal.** However, within the
pediatric diabetes population, data are limited,
with the prevalence of supplement use highly
variable based on cultural beliefs, study location,
and the definition of complementary and alterna-
tive medicine (e.g., some studies include prayer,
massage, hypnosis).” There can be tremendous
variability in products, some of which have the
potential for serious adverse effects or drug in-
teractions.* Healthcare professionals must rou-
tinely inquire about the use of such products and
screen for drug interactions, adverse outcomes
or negative influences on glycemic control in
the pediatric patient where safety and efficacy
data is scarce.

Monitoring

Blood glucose monitoring is the cornerstone
of diabetes management as it is the only method
to evaluate the interplay between the effects
and safety of the prescribed insulin regimen,
results of carbohydrate consumption and ac-
tivity. Monitoring, for patients on CIM or IIM
therapy, will usually be four or more times per
day; pre-breakfast fasting, pre-lunch, pre-dinner
and bedtime. In addition, patients will be asked

to monitor blood glucose values for a few nights
(e.g., 2-3 aM) when changing basal insulin rates.

Common glucose monitors used in the pediat-
ric population include the One Touch (Lifescan
Inc., Wayne, PA), Freestyle (Abbott, Chicago,
IL), Accuchek (Roche Diagnostics, Indianapo-
lis, IN), and Bayer (Bayer Corp., Berkeley, CA)
meters.”” These meters include various features
that are advantageous for the pediatric popula-
tion, including a low-blood volume requirement,
lancet devices that allow the patient to adjust the
depth of insertion, smaller meter size, no coding,
and nonfingertip alternative testing options.
Although alternate site testing is available, it
should not be used when blood glucose values
are fluctuating or are above or below target
range as accuracy is not as reliable in these situ-
ations. Meter features frequently change, and the
healthcare team members should ensure meter
features best match the patient needs when mak-
ing recommendations. The meter accuracy varies
by about 20% to 30% from serum glucose levels.
Therefore, for outpatient management, blood
glucose results obtained by meters should be
evaluated for patterns appropriate for the specific
goals set for the patient.
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Table 4. Determining Fixed Amounts of Carbohydrates when Using Conventional Split-Mixed Insulin Therapy

Step Amountt
1. Determine total calories for the patient based on age 1300
using predetermined estimates.*
2. Divide the total calories by 2 (because 50% of the 1300/2 =650
calories are from CHO).
3. Divide the total amount of CHO by 4 (kcal/g of CHO 650/4=162.5

per day).

4, Subtract from the total amount of CHO the snacks
appropriate for a child this age.

5. Divide the number of meals/day from the total
remaining CHO.

Snacks: three 15-g snacks at mid-morning, afternoon,
and bedtime =45
162.5-45=1175

117.5/3 meals = ~40 g of CHO for the child to consume
at each meal

CHO, carbohydrates
*Based on Dietary Reference Intakes*?
tAmounts are based on those for a 4-year-old boy

In an effort to improve blood glucose monitor-
ing by providing moment-to-moment evaluation,
continuous glucose monitors using sensors have
been developed (Guardian REAL-Time con-
tinuous glucose monitoring system (Medtronic
Diabetes, Northridge, CA) and DexCom G4 (Dex-
com, Inc., San Diego, CA) to measure trends in in-
terstitial glucose. A major benefit of sensors is the
ability to observe trends (vs. single points in time)
in blood glucose values and make adjustments
as needed. Limitations to continuous glucose
monitoring are that interstitial glucose readings
lag serum blood glucose levels by approximately
20 minutes and calibrations are necessary with
routine fingerstick blood glucose readings. New
technologies incorporating CSII and glucose sen-
sors are forthcoming. The previously discussed
MiniMed 530G with Enlite (Medtronic Diabetes)
can suspend insulin delivery when the glucose
sensor detects a preset low threshold and the
patient does not respond. The ultimate goal of
the continuous sensor is to work seamlessly as a
closed-loop system with an insulin pump (oth-
erwise known as the artificial pancreas).

In insulin-treated patients, it is essential to un-
derstand pattern management strategies, which
involve the analysis of blood glucose measure-
ments. In addition to medications, food, and
activity, other factors can also influence optimal
blood glucose control. A few examples include
stress from an infection, surgery/trauma, alcohol,
various medications, and hormonal changes such
as puberty, menstruation, or pregnancy. It is im-
portant to teach patients, along with their parents
or caregivers, to review blood glucose values for

daily problem solving, especially if values are out
of the patient’s desired target range. The reader
is referred to Cryer who provides expanded
guidance on pattern management strategies.®
Basic concepts are to correct hypoglycemia first,
followed by fasting blood glucose readings and
finally postprandial values.

The Alclevel, used to measure glycemic status,
represents an approximate 3 month estimated
blood glucose average, with 50% weighted to-
ward the last month. Hemoglobinopathies, ane-
mias, and other diseases with rapid blood cell
turnover such as CFRD can influence Alc results,
typically lowering them, and thus not providing
an accurate 3-month estimated blood glucose
level. However, in CFRD, based on technology
available, although the Alc results do not truly
reflect average blood glucose levels, they are
obtained to follow the trend of glycemic control.*

Prevention of Complications

Hypoglycemia is of great concern, especially in
the pediatric population, and is a major hindrance
to obtaining optimal blood glucose control.”
Hypoglycemia is typically considered a blood
glucose of <70 mg/dL.” Patients may or may
not have symptoms. Symptoms may be difficult
to detect, especially in the very young; thus,
checking the blood glucose level is critical when
hypoglycemia is suspected. Parents and children
often fear hypoglycemia, especially if the child
has had a seizure in the past due to a low blood
glucose level. Even mild hypoglycemia can result
in altered cognitive function.” Detailed instruc-
tion must be provided to educate the patient,
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Table 5. Determining Doses for Conventional Split-Mixed Insulin Therapy

Step

Example*

1. Calculate the TDD.

2. Calculate the morning insulin doses.

TDD on 0.6 units/kg/day: 0.6 units x 20 kg = 12 units.
Morning dose (2/3 of TDD): 8 units (to be split 2/3 and 1/3)

as NPH and rapid-acting insulin.
NPH: 2/3 x 8 units = ~5 units
Rapid-acting insulin = 1/3 x 8 units = ~3 units

3. Calculate the dinnertime or evening insulin dose.

Dinnertime dose (1/3 of TDD): 4 units to be divided as NPH

and rapid-acting insulin.
NPH: %2 X 4 = 2 units
Rapid-acting insulin = %2 x 4 = 2 units

NPH, neutral protamine Hagedorn; TDD, total daily dose
*Values are based on those for a 4-year-old boy.

family and other caregivers on classic signs of
hypoglycemia and its treatment. Symptoms can
include: shaking, sweating, excessive hunger, ir-
ritability, headache, dizziness, sudden outbursts
or mental status changes. Nocturnal symptoms
may include nightmares, restless sleep, profuse
sweating, and morning headache. The “Rule of
15” is a commonly taught method to treat low
blood glucose values.* The guidelines instruct
thatif alow blood glucose value is obtained, treat
with 15 g of quick-acting carbohydrate (CHO),
thatis 4 oz. (1/2 cup) of fruit juice, regular soda or
3 to 4 glucose tablets. Recheck the blood glucose
in 15 minutes and repeat treatment if the blood
glucose is below target. Continue this process
until the blood glucose is above target. Once
above target, if the patient will not be eating a
meal in the next few hours, have another ~15-20
g of complex CHO with protein (e.g., peanut
butter crackers, % a meat sandwich). The goal of
this additional CHO and protein snack is to avoid
another low blood glucose value prior to the next
meal. In cases of severe hypoglycemia with loss
of consciousness or seizure, glucagon should be
administered. Once any hypoglycemic event is
resolved, the patient, parents, and/or healthcare
practitioners should employ problem-solving
skills to determine the cause of the low blood glu-
cose value(s) (e.g., gave excess insulin, additional
vigorous activity, did not consume enough CHO).

Hyperglycemia, which can quickly lead to
DKA, is also an acute complication of TIDM.
Guidelines for home management of elevated
blood glucose value are summarized in Table
7. Urine ketone strips (foil wrapped) as well as
blood ketone meters (Precision Extra; Abbott,
Chicago, IL) and Nova Max Plus (Nova Diabetes
Care, Waltham, MA) are available to measure

ketones to help recognize the beginning of DKA.

Elimination and/or minimization of long-term
complications of diabetes (hypertension, dyslip-
idemia, retinopathy, and nephropathy) should be
addressed at routine clinic visits for all patients.
In addition; associated autoimmune condi-
tions such as thyroid disease and celiac disease
should be screened at diagnosis and periodically
thereafter based on standards of practice. Oph-
thalmological screening should be conducted in
children 10 and older or 3 to 5 years after TIDM
diagnosis; annually thereafter.” Yearly screening
for microalbuminuria should start at age 10 and
in those who have had diabetes for 5 years.

Education

Regardless of the type of therapy prescribed,
education with subsequent implementation of the
diabetes care plan is paramount to the long-term
success of pediatric diabetes management and
outcomes. While education can be delivered in a
variety of ways, the optimal approach involves
multidisciplinary pediatric teams, including CDE,
experienced in the treatment and care of this
population. The presentation of information must
be tailored to the cognitive and developmental
abilities of the child or adolescent and at least
one parent/caregiver, but ideally incorporates the
entire family.">"* Education should follow a com-
prehensive curriculum that is age and diagnosis
appropriate.** Each curriculum should include
the following content areas: disease process,
MNT, the importance of exercise, proper use of
medications, proper procedures for monitoring
devices, pattern management analysis for home
use as appropriate, prevention and detection of
acute and chronic complications, psychosocial
issues, and behavioral change strategies.*
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Table 6. Example of Insulin Calculations from Conventional Split-Mixed to Basal Bolus and a Mealtime Insulin Dose

Step

Example*

1. Determine amount of bedtime basal insulin.

2. Calculate the SF for rapid-acting insulin products:

(a) 1800 rule: 1800/TDD = SF (the estimated amount 1 unit
of insulin will decrease the blood glucose value).

(b) Identify target blood glucose value (value where you
would like your blood glucose to be ~75% of the time)
and apply algorithm: actual blood glucose — target blood
glucose /SF = correction bolus.

3. Calculate insulin:carbohydrate ratio:

(@) SFx 0.33

(b) Rule of 500 = 500/TDD

Both methods are estimates, and dosage adjustments
are made upon review of blood glucose values before
and after meals.

4. To calculate a mealtime dose, count carbohydrates
to identify bolus insulin needed to cover carbohydrates
consumed at the meal.

5. Calculate the total bolus dose in this example.

TDD = 12 units
Basal insulin: 5 NPH + 2 NPH= 7 units. NPH provides ~80%
of total basal insulin = 5.6 or 6 units of glargine at bedtime

(a) 1800/TDD = 1800/12 = 150;

therefore, 1 unit of rapid-acting insulin will decrease the
blood glucose approximately 150 mg/dL.

(b) Target blood glucose = ~150 mg/dL.

Example: actual blood glucose (350) —target (150) = 200;
thus, 200/SF (150) = 1.3 units of rapid-acting insulin to
give in this example with a blood glucose concentration
of 350 mg/dL.

(@) SF (150) x 0.33 = ~50 (ratio of 1:50)

One unit of rapid-acting insulin (bolus) will cover 50 g of
carbohydrates.

(b) 500/12 = ~ 42

In toddlers, it is common to use Y2-unit syringes; an
insulin-to-carbohydrate ratio of 1:40 or ¥2 unit for 20 is
recommended

Breakfast carbohydrate values: 2 slices of white toast, 30
g; 8 oz of milk, 12 g; banana, 20 g; total, 62 g.

With an I:C ratio of 1:40; 1.55 or 1.6 units of rapid-acting
insulin is necessary to cover the carbohydrates consumed
in this meal.

Total bolus insulin is the insulin needed to bring blood
glucose to target (correction) + insulin to cover carbohy-
drates in food (based on I:C ratio).

Blood glucose correction insulin = 1.3 units

Insulin to cover carbohydrates = 1.6 units

Total amount of insulin required = 2.9 or 3 units

I:C, insulin-to-carbohydrate ratio; NPH, neutral protamine Hagedorn; SF, sensitivity factor; TDD, total daily dose.

*Values are those used for a 4-year-old boy

Transition Issues

As young adults with TIDM get ready to
transition from pediatric diabetes care providers
to adult care providers, numerous challenges
arise where healthcare professional can provide
assistance. Young adults in general, regardless
of diabetes, may participate in risky behaviors
during adolescence and young adulthood. Such
behaviors may include the use of tobacco, recre-
ational drugs, unprotected sexual intercourse,
and the use of alcohol. High-risk behaviors can
be of particular concern in individuals with dia-
betes and should be addressed starting in the
pediatric clinical care environment. In addition,
conversations about insurance, finances, how to
obtain critical diabetes prescriptions, and safety
concerns with driving and hypoglycemia must
be addressed in young adults with diabetes.**

Future Possibilities for Management

Exciting research for the management of TIDM
is ongoing. At this time, the closed-loop artificial
pancreas appears promising.*’ Stem cell-derived
cells have been recently designed to replace lost
insulin-producing ability.** Lastly, continued ef-
forts are being made to improve existing devices
and products (e.g., blood glucose meters, sensors,
size of needles for injecting insulin) that patients
use each day in their diabetes management.

CONCLUSIONS

T1DM management in the pediatric population
is complex. Providing the best care to a patient
living with diabetes requires a collaborative
model involving various healthcare profession-
als. All healthcare professionals should embrace
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Table 7. Typical Guidelines for the Home Management of Elevated Blood Glucose

Increase blood glucose monitoring frequency to once every 2-3 hr.

If blood glucose values are above 250-300 mg/dL, check urine or blood for ketones.

Begin drinking sugar-free, calorie-free, caffeine-free fluids; approximately 8 oz. (minimum) every hour.

The patient should not stop taking basal insulin, even if he/she is not eating. Supplemental insulin (based on
CF or SF dose prescribed for the patient) is taken in addition to mealtime insulin; may be administered every
2-3 hr, especially if moderate or large ketone levels are present.

Contact your diabetes care team immediately if blood or urine ketones do not resolve, if the patient is unable
to take oral fluids and/or there is repeated vomiting, difficulty breathing, abdominal pain, mental status

changes, or other new medical concerns.

CF, correction factor; SF, sensitivity factor.

participation in the pediatric multidisciplinary
team for therapy management as well as the
ongoing education and training of patients and
their families with TIDM.
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