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Abstract. Type 1 diabetes mellitus (T1D) and type 2 diabetes
(T2D) mellitus are on the increase in children and adolescents.
An increase in T2D is linked to the increasing rates of obesity
in children. Usually, in both children and adults, T1D is treated
with insulin while T2D is treated with metformin. There are
other classes of drugs that are under assessment for their safety
and efficacy in relation to pediatric patients. Most of these new
drugs, however, have not been studied in children. Thus, the
repertoire of drugs that are available to treat diabetes in children is limited. In this review, we outline the current pathology
and treatment and future therapies of T1D mellitus and T2D
mellitus in children.
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2. Pathology

1. Introduction
Type 2 diabetes (T2D) mellitus has been on the increase in
young individuals, and is correlated with the increase in childhood obesity. A survey conducted in 2008 showed that the
prevalence of T2D increased from 9 to 23% over the span of
8 years, between 2000 and 2008 (1). Rates of T2D are also
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dependent on ethnicity as the greatest increase in childhood
T2D was predominantly in non‑white ethnic groups. The incidence of T2D in individuals of European, African‑American
and American‑Indian ethnicity was 3, 15.7 and 49.4 out of
100,000 individuals aged 10‑19 years, respectively. In addition,
more females were diagnosed with T2D than males (2). Type 1
diabetes (T1D) mellitus, similar to T2D, is also on the increase
worldwide. The rates of T1D are the highest in Scandinavian
countries, the UK, the USA, Canada and Australia. In Finland,
the incidence of T1D is 57/100,000 children while the incidence of T1D in other western countries is approximately
20/100,000 children. Asian and African countries have lower
rates of T1D. Despite the already high rates in European countries, the incidence of T1D is actually on the increase across
Europe, at 3.9% annually in children. Asian and African
countries have lower rates of T1D. Despite the already high
rates in European countries, the incidence of T1D is on the
increase across Europe, ~3.9% year in children (3). In addition,
T1D has increased in the US at a rate of 21% in the 8 years
between 2001 and 2009. In the present review, we provide the
current guidelines on treating T1D and T2D mellitus (4).
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Under non‑pathological conditions, an increase in blood
glucose triggers a secretion of insulin from the β cells of the
pancreas. The hormone glucagon is secreted by the α cells
of the pancreas, which activates gluconeogenesis, thereby
preventing hypoglycemia during times when no food is being
digested. T2D mellitus develops when there is a discrepancy
in glucose metabolism and storage. The pathology behind T2D
involves a decrease in peripheral tissue sensitivity to insulin
as well as decreased insulin secretion from the β cells. When
the tissues become less sensitive to insulin, the β cells start to
increase insulin secretion. When the β cells start to overcompensate in this manner, it leads to overburdening of work on
the β cells. Overworked β cells start to reduce their functions,
which leads to an eventual decrease in insulin secretion. This
leads to the phenomenon of glucose intolerance, which impairs
the secretion of glucagon. When glucagon no longer fulfills its
regular function, the glycemic state of a patient becomes exacerbated and leads to an aggravation of diabetic pathology (5,6).
Childhood obesity and increased body fat are correlated
with insulin resistance. The mechanism behind the way obesity
affects T2D is well known. Obesity rates have increased
considerably over the past 40 years. In 1980, the childhood
obesity rates were 6.5%, which increased to 16.9% in 2008 (7).
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The percentage of overweight and obese children and adolescents, aged 2‑19 years, is ~33%. Overweight or obese children
are more at risk for developing T2D as well as other diseases
including cardiovascular disease. Due to the fact that overweight or obese children are more at risk for other diseases
and complications, it is imperative to prevent a serious disease
such as T2D (8).
T1D is a disorder that affects genetically susceptible
individuals, but may also occur in individuals with no genetic
predisposition. T1D is an autoimmune disorder, leading to a
loss of pancreatic β cells. T1D occurs due to the presence of
autoantibodies that destroy proteins that form a β cell. The most
common antibody in patients with T1D is directed towards a
β‑cell enzyme, glutamic acid decarboxylase. Patients with T1D
may also have anti‑insulin antibodies. As the number of β cells
decreases, insulin concentration concurrently decreases until
there is no longer insulin available to regulate glucose levels.
However, hyperglycemia does not develop until 80‑90% of the
cells are destroyed. If the condition goes untreated, diabetic
ketosis may develop. One of the ways that T1D is activated
in individuals that are genetically susceptible is through viral
infection, which may stimulate the production of antibodies
towards the virus, which contains similar antigens to β cells.
The incidence of T1D is increased in patients with other autoimmune diseases such as Graves and Addison disease (7,9).
3. Diagnosis
Diagnosing diabetes in children is difficult as there may be
confusion between T1D and T2D. Historically, children
with diabetes were diagnosed with T1D. However, the rise
in obesity and the consequent rise of T2D in children have
obscured the diagnosis. Approximately 25% of children with
T1D are overweight or obese. There are guidelines to determine, and differentiate, between the two diagnoses in children
(Table I). T2D diagnosis in youth is normally dependent on
glucose concentrations and symptoms such as excess urine,
vision problems, excess thirst, weight loss and ketonuria.
A definite diagnosis of T2D is made when these symptoms
are also complemented with a >200 mg/dl random glucose
concentration or a >126 mg/dl fasting glucose concentration.
Children with a high body mass index (BMI), a family history
of diabetes, antibodies that denoted insulin resistance and
other issues such as hypertension are high‑risk for T2D. The
age at diagnosis for T2D in the youth is generally at puberty;
and rarely presents at <10 years. T2D usually presents with
diabetic ketoacidosis in 5‑20% of the cases (10).
The age at diagnosis for T1D is much lower than that for
T2D, at the age of 6 months to 18 years. The symptoms that
usually present with T1D range from weight loss, thyroid
autoimmunity and celiac disease. Approximately 25% of the
time, T1D cases presented with diabetic ketoacidosis. Similar
to T2D, T1D diagnosis is made through blood glucose tests.
A fasting blood glucose test can be performed, although
they are often not reliable. In that case, an oral glucose tolerance test may be conducted. Such a test involves the patient
ingesting a specific glucose solution and then a glucose test
is performed after 2 h. Another test that can be performed is
the glycated hemoglobin test (A1C test) which analyzes blood
glucose levels over the previous few months as opposed to
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Table I. Features that characterize type 1 and type 2 diabetes
mellitus.
Characteristics

T1D

T2D

Date of
6 months‑18 years
10 years +
presentation
Length of
Sudden
Gradual
pathology
Ketoacidosis
Normal
Rare
Body weight
Normal
Obese (often)
Insulin levels
Few
Normal, greater or fewer
Autoantibodies
Normal
Not present
Incidence
5‑10% of cases
90‑95% of cases
(USA)
(USA)
T1D, type 1 diabetes; T2D, type 2 diabetes.

one particular time point. This test assesses the percentage of
hemoglobin, to which glucose is bound, and a high percentage
indicates diabetes. Once diabetes is diagnosed, an antibody
test would be administered, which could be used differentiate
between a T1D diagnosis and a T2D diagnosis (10,11).
4. Primary treatment of type 2 diabetes
Children with T2D are almost always started on metformin.
Metformin is a drug that is classified as a biguanide. This drug
functions by reducing glucose production and by activating
glucose uptake in peripheral tissues. Metformin is administered in children at a 500 mg dose, and is ingested at meal
times daily. The dose is increased by 500 mg each week until
the dose equals 2,000 mg. There are some adverse events associated with the use of metformin including gastrointestinal
problems (abdominal pain and diarrhea), which may result
in a patient not reaching optimal dose of metformin. In some
rare instances, lactic acidosis and renal dysfunction can occur
in individuals taking metformin (12). Metformin reduces
glycated hemoglobin levels to 2% and also aids in weight loss.
Clinical trials have shown that the use of metformin is safe for
T2D pediatric patients. Another study found that in patients
aged 10‑17, metformin and 4 mg rosiglitazone was a superior
therapy for T2D than metformin alone (11,13).
5. Insulin treatment in type 2 diabetes
Insulin may also be used in treating childhood T2D. Exogenous
insulin helps maintain glucose homeostasis by aiding muscle
and adipose tissue uptake excess glucose and reduce glucose
production (14). Caveats to using insulin include weight gain,
hypoglycemia and increased insulin. There are certain insulin
types that are used for pediatric patients, such as glulisine,
detemir, glargine, hagedorn, aspart, regular and neutral
protamine (15). However, the most successful treatment is
the administration of a single dose of long‑acting insulin at
bedtime. Although the clinical guidelines state that insulin
should be used as a first‑line treatment in T2D pediatric
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patients that are ketotic, some clinicians choose not to due to
the potentially undesirable effects. Administration of insulin
early in the disease pathogenesis is good practice as it leads to
a normalization of glucose (11,16).
6. Alternative drug treatments in childhood type 2 diabetes
Another class of drugs that is useful in the decrease of glucose
concentrations is thiazolidinediones. They function by
increasing insulin sensitivity in areas of the body including
liver, muscles and adipose tissue. These drugs also decrease
glucose synthesis of the liver. However, thiazolidinediones are
not approved for use in children. In adults, thiazolidinediones
decrease glycated hemoglobin to 1% (17). Some of the drugs
in this class include rosiglitazone and pioglitazone, which have
been studied in clinical trials. Another class of drugs that can
be used to treat T2D but are not approved for use in children is
meglitinides. Two drugs included in this class are repaglinide
and nateglinide, which function by stimulating insulin from
the pancreas. Complications that can result from meglitinides
include hypoglycemia, upper respiratory tract infection, diarrhea and headaches (18).
Sulfonylureas can also be used to treat diabetes and function by activating the β cells to secrete insulin. Although
sulfonylureas are not generally used for the pediatric population, they have been known to be safe for children (19). The
specific types of sulfonylureas that have been studied in
children are glimepiride and glipizide. The caveats of sulfonylureas are usually weight gain and hypoglycemia. Clinical
studies using glimepride in children showed it was equally
effective at treating T2D as metformin. Sulfonylureas in
adults also reduced glycated hemoglobin levels to 1.25% in
adults (20). The use of sulfonylureas in other conditions such
as maturity‑onset diabetes of the young has been investigated.
Long‑term use of sulfonylureas enhanced insulin levels by
approximately 68% (11,21).
α‑glucosidase inhibitors such as acarbose and miglitol
can be used to treat T2D by reducing the absorption of
carbohydrates in the distal small intestine, which reduces
serum glucose. While α‑glucosidase inhibitors can decrease
glycated hemoglobin levels, their use in children has not been
sufficiently investigated. Common complications from these
drugs are diarrhea and abdominal cramps. In a double‑blind
randomized trial, it was found that acarbose may be useful for
the paediatric population with T2D, although at a significant
cost because of gastrointestinal side effects. Glucagon‑like
peptide‑1 (GLP‑1) agonists are another class of T2D drugs.
GLP‑1 is a hormone released from the gut in response to digestion of meals and functions in insulin biosynthesis. Similar
to other T2D drugs, these agonists have yet to be approved
for pediatric patients. Exenatide is a GLP‑1 agonist, which
has been studied in the youth population for its effect on T2D.
Previously, 5 mcg exenatide was administered twice a day
in obese youth aged 12‑19 years, which led to a significant
decrease in BMI (21,22).
7. Treatment of type 1 diabetes
Unlike children diagnosed with T2D, children with T1D need
insulin treatment to survive. Oral insulin is not an option

Figure 1. Diagnosis and treatment plan for pediatrics patients diagnosed with
type 1 diabetes (T1D) or type 2 diabetes (T2D).

for patients with diabetes as gastric enzymes impede oral
insulin (23).
There are many types of insulin that are available for
the treatment of T1D. Rapid‑acting insulin, such as lispro
and aspart, begins functioning within 15 min post‑injection.
Another type of insulin is short‑acting insulin, which begins
working approximately 30 min post‑injection and reaches
peak performance within 2‑4 h. Long‑acting insulin is another
type of insulin, which does not have a peak but provides use
for 20‑25 h. Some examples of long‑acting insulin include
glargine and detemire. Intermediate‑acting insulin is another
type of insulin that starts to function at 30 min to 1 h and
reaches its peak at 4‑6 h. An example of this type of insulin
is NPH insulin. When prescribing insulin, doctors take into
account a child's age and his/her needs and therefore, may
prescribe a mixture of these insulin types. Insulin is delivered
using a fine needle and syringe or pen, which looks similar
to an ink pen but is instead filled with insulin. Many children
can also use an insulin pump, which is generally the size of
a cell phone. A tube connects the insulin to a catheter that is
inserted in the abdomen. The pump can be adjusted to deliver
the appropriate amount of insulin depending on glucose
level (24).
Insulin is used in the majority of cases of children
with T1D. However, clinical trials have been conducted to
determine the effectiveness of other drugs for treatment. In
pediatric patients with T1D, 4 mg glimepiride was administered to 40 children in a randomized clinical trial. However,
the investigators found no difference between the groups with
regard to weight, blood pressure, insulin dose, serum glucose,
hypoglycemia and serum lipids. The drug was found to be
safe for the patients, although further research is essential to
determine whether a higher dose may actually have a beneficial effect. Exenatide, a GLP‑1 agonist, was investigated as
an adjunctive treatment to insulin in children with T1D (25).
Eight adolescents, aged 13‑22 years, were examined and
administered two doses of exenatide or insulin. Exenatide was
found to decrease hyperglycemia but did not suppress glucose.
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The investigators of that study concluded that exenatide may
be used as an effective adjunctive treatment to insulin for the
treatment of T1D.
Another class of drugs is amylin analogs, an example of
which is pramlintide. Amylin is a hormone that is known to
inhibit glucagon secretion, cause a delay in gastric emptying
and increase satiety. In pediatric patients with T1D, pramlintide was studied at a dose of 15‑30 mcg. Pramlintide was
shown to reduce glucose levels with minimal complications.
Previous findings showed that when given to youth with T1D,
pramlintide reduced glycated hemoglobin, BMI and total
insulin dose. Thus, amylin analog pramlintide is a promising
drug that can be used in the treatment of diabetes (11,26).
8. Lifestyle modifications
In children with T1D and T2D, lifestyle modifications are
an important part of the treatment. Lifestyle modifications
include ≥1 h of vigorous physical activity and maintaining a
healthy BMI (18.5-24.9). In children with T2D, lifestyle modifications are paramount and a cornerstone for treatment of
the disease (27). However, only 10% of children achieve their
lifestyle modification aims. There are many reasons for this
lack of success, including peer pressure for unhealthy eating
and that many patients do not understand the importance of
a diet. The prescribed amount of physical activity a day is
≥60 min. In addition, other lifestyle modifications include
decreasing screen‑time such as using a television or computer,
to <2 h/day (28).
Nutritional change is another necessary lifestyle modification that is advised to children with T1D and T2D. Normal
dietary recommendations involve consumption of regular
meals and healthy snacks, decreased portion sizes, consumption of calorie‑free beverages such as water, and an increase
in the consumption of fruits and vegetables. However, there is
no ‘diabetes diet’. A good diet should include foods that are
high in nutrients and low in fat and calories, and consumption
of fewer animal products and sweets. High‑fat foods are especially of poor quality because fat slows digestion leading to a
spike in blood sugar levels several hours after meal consumption (27-29).
9. Investigational treatments
Besides the abovementioned clinical trials for drugs that are
being investigated for their treatment potential for diabetes,
other treatments have been considered. The first of these
treatments is pancreas transplant, which, if successful, lead
to a child no longer having to inject insulin. However, these
transplants are not always successful and constitute a high‑risk
factor. In addition, with a pancreas transplant, the patient always
require immune‑suppressing drugs to preven organ rejection.
Due to the issues with pancreas transplant, it is limited to
individuals with kidney failure. The second treatment is islet
cell transplantation, which provides new β cells from a donor
pancreas. New techniques and improved drugs are now in use
to prevent islet cell rejection. However, this transplant requires
immune‑suppressing medication. In the case of T1D patients,
the body may occasionally destroy transplanted islet cells, just
as it did the original cells (30-31).
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10. Conclusion
Diabetes has surfaced as a serious problem in children in
recent few decades. There are guidelines in place to diagnose
and treat children with T1D and T2D (Fig. 1). T1D mellitus
is an autoimmune disease that occurs in children that may be
genetically susceptible. Children with T1D develop antibodies
to β‑cell components, which leads to an eventual decrease in
insulin production. Children with T2D develop the problem
for a number of reasons, one of which is an increase in
peripheral fat deposits that desensitize tissues to insulin and
decrease insulin production. The primary way to treat T1D is
to administer insulin while metformin is used to treat T2D.
Other classes of drugs, such as thiazolidiniones, sulfonylureas,
meglitinides, α‑glucosidase inhibitors, GLP‑1 agonists and
amylin analogs, have emerged as potential alternatives to
insulin and metformin. However, these drugs have not been
studied in children and therefore, are not currently in use
for the pediatric population. Lifestyle modifications are also
extremely important for proper management of the two types
of diabetes. Lifestyle modifications include physical activity
and nutrition management. Due to the increasing prevalence
of T1D and T2D in children, these new drugs and transplants
need to be further investigated to determine their safety and
effect on children.
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