
Clinical 
Pediatric 
Endocrinology

Received: January 2, 2023   Accepted: March 7, 2023   Advanced Epub: March 21, 2023
Corresponding author: Tatsuhiko Urakami, M.D., Ph.D., Department of Pediatrics and Child Health, Nihon University 
School of Medicine, 30-1 Oyaguchi, Kami-Cho, Itabashiku, Tokyo 173-8610, Japan
E-mail: urakami.tatsuhiko@nihon-u.ac.jp

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-
Commercial No Derivatives (by-nc-nd) License <http://creativecommons.org/licenses/by-nc-nd/4.0/>.

pp 125–136
July 2023

Vol.32 / No.3

Review

Treatment strategy for children and adolescents with type 
2 diabetes-based on ISPAD Clinical Practice Consensus 
Guidelines 2022
Tatsuhiko Urakami1
1Department of Pediatrics and Child Health, Nihon University School of Medicine, Tokyo, Japan

Copyright© 2023 by The Japanese Society for Pediatric Endocrinology

Abstract. The principles of treatment for children and adolescents with type 2 diabetes include dietary and exercise 
management. For dietary management, a relatively modest dietary regimen with an appropriate energy source 
composition is recommended. Moderate- to vigorous-intensity aerobic activity is recommended for at least 60 min/d. 
Family members are encouraged to modify their lifestyles. Some patients fail to improve hyperglycemia through 
dietary and exercise management and eventually require pharmacological treatment. If the patient is metabolically 
stable (HbA1c level < 8.5% [69 mmol/mol]), metformin is the first-line treatment of first choice. In a case with ketosis 
or HbA1c of more than 8.5% (69 mmol/mol), insulin will be required initially with once daily basal insulin (0.25–0.5 
units/kg). The goal of the initial treatment is to attain an HbA1c level < 7.0% (53 mmol/mol). If the glycemic goal is 
not attained, the addition of a second agent should be considered. However, the use of antihyperglycemic drugs in 
pediatric patients is limited in most countries. Therefore, the efficacy and safety of these drugs used in adult patients, 
including GLP-1 receptor agonists and SGLT2 inhibitors, should be evaluated in pediatric patients worldwide.
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Highlights

● Dietary and exercise management are essential for the treatment of type 2 diabetes in children 
and adolescents.

● The goal of the initial treatment should be to attain an HbA1c level of less than 7.0%.
● Pharmacological treatments may be beneficial if the control goal is not achieved. A patient-centered 

approach should guide the selection of appropriate antihyperglycemic drugs.
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Introduction

Racial and ethnic disproportionality exists in 
the incidence of children and adolescents with type 2 
diabetes. A high incidence has been reported in racial 
and ethnic minorities, such as Native American, African-
American, Hispanic, East and South Asian, and Pacific 
Islander populations. In contrast, Caucasian youth are 
known to have a low incidence (1–3). The prevalence of 
type 2 diabetes has been reported to be more than half 
in most Asian countries, that is, 90% in Hong Kong, 
60% in Japan, and 50% in Taiwan (2). A recent study 
demonstrated that the incidence in Asian children and 
adolescents ranged from 0.43 to 2.63 per 100,000 youth 
per year. A rapid increase in incidence has been observed 
in China and Hong Kong (3). However, the incidence 
of type 2 diabetes in children and adolescents has 
been increasing worldwide, including Asian countries, 
European countries, and the United States (4–6). The 
overall incidence of type 2 diabetes in children and 
adolescents in the United States significantly increased 
in the 2002–2012 period (from 9.0 per 100,000 youth 
per year in 2002–2003 to 12.5 compared to 100,000 
youth per year in 2011–2012, p < 0.001), particularly 
among children and adolescents of racial and ethnic 
minority groups (non-Hispanic Black, Asian or Pacific 
Islander, and Native American) (4). While a Japanese 
study showed a dramatic increase in the incidence of 
schoolchildren with type 2 diabetes in Tokyo from to 
1975–1982, however no significant increase was observed 
between 1983–2015 (6). Previously, it was believed that 
children and adolescents living Asian countries had 
the highest incidence of type 2 diabetes, however, in 
recent years, the incidence of the United States (12.5 
per 100,000 youth per year) seems much higher than 
that in Asian countries (0.43 to 2.63 per 100,000 youth 
per year) (3–6).

Obesity is a major risk factor for developing type 
2 diabetes. Several studies have reported that most 
Caucasian children with type 2 diabetes are obese or 
overweight (7–10). Fifteen percent of Japanese children 
with type 2 diabetes are non-obese (11), and half of 
South Asian Urban children have normal weight (12). 
Obesity and insulin resistance are strongly associated 
with the development of type 2 diabetes. Therefore, the 
reduction of excessive body weight through restriction of 
food intake, increase in physical activity, and correction 
of lifestyle habits are essential for the treatment of type 
2 diabetes in children and adolescents. In contrast, an 
Australian study (13) and the SEARCH for Diabetes 
in Youth study in the United States (14) demonstrated 
that children and adolescents with early onset type 2 
diabetes had higher all-cause mortality rates than the 
general population. Early intervention and treatment to 
prevent the progression of type 2 diabetes is important, 
even in children and adolescents with type 2 diabetes. 
The Clinical Practice Consensus Guidelines of the 
International Society for Pediatric and Adolescent 
Diabetes (ISPAD) is useful for diabetes care in the 

pediatric population of all racial and ethnic groups 
worldwide. This review addresses treatment strategies 
for children and adolescents with type 2 diabetes, mainly 
cited from the ISPAD Clinical Practice Consensus 
Guidelines 2022: Type 2 diabetes mellitus in children 
and adolescents (15).

Management

The principles of treatment for children and 
adolescents with type 2 diabetes include dietary and 
exercise management. Modification of lifestyle habits and 
education on diet and physical activity are fundamental 
for all pediatric patients with type 2 diabetes (15–18). 
Diabetes education from the time of diagnosis should 
involve not only the patient, but also all family members. 
It is important to educate patients to continue lifestyle 
modification without cessation because some patients 
drop out of diabetes management over time. Family 
support is essential for behavioral changes by a medical 
team, including a physician, diabetes education 
nurse, dietician, and psychosocial counsellor (15, 16). 
Adolescents have more problems adhering to treatment 
programs than other age groups. Care providers should 
emphasize the importance of continuing diabetes care to 
prevent complications and maintain the quality of life 
of healthy individuals living on the same day.

Diet

Dietary management should focus on eliminating 
excessive body weight gain with normal linear growth, 
control of emotional conditions, and improvement 
of hyperglycemia. Table 1 summarizes the dietary 
management for children and adolescents with type 2 
diabetes (15). Therefore, it is necessary to educate family 
members on how to interpret nutritional fact labels. 
The goal was to emphasize healthy parenting practices 
associated with diet by promoting parental modeling of 
healthy eating habits while avoiding an overrestriction 
of energy intake. Modest dietary restriction is 
recommended, that is, caloric restriction of 5–10% of the 
energy requirement of age-matched healthy children and 
adolescents, with an appropriate composition of energy 
sources (16). Strict dietary restrictions impair physical 
development and lead to withdrawal from diabetes 
care. Reduction in carbohydrate and fat intake with 
well-balanced energy sources and the elimination of 
sugar-rich soft drinks and juices should be emphasized. 
Therefore, increased fiber intake is recommended. 
Patients should promote eating each meal on schedule, 
preferably with family members, with no other activities 
(television, video games, computer-related activities, 
studying), and minimize frequent snack consumption. 
However, fast-food intake is limited.

Exercise

Regular exercise can improve blood glucose 

Clin Pediatr EndocrinolClin Pediatr Endocrinol



Treatment in type 2 diabetes

127

doi: 10.1297/cpe.32.2023-0007

concentration, reduce risk factors for cardiovascular 
disease, contribute to weight loss, and promote wellbeing 
(19, 20). Table 2 summarizes appropriate exercises 
for children and adolescents with type 2 diabetes (15). 
Patients are encouraged to participate in at least 60 
min/d of moderate- to vigorous-intensity aerobic activity 
with muscle and bone strength training for at least 3 d/
wk (15). They are also encouraged to make daily efforts to 
be more physically active, such as using stairs instead of 
elevators, walking or bicycling instead of using a car, and 
doing housework and yardwork. Reduction of sedentary 
time is strongly recommended, that is, restricting 
watching television, playing computer-related activities, 
and playing video games to less than two hours per day 
(21). Feelings and sustainable physical activities are 
recommended to support the attainment of metabolic 
and weight goals.

Pharmacological Treatment

Some patients fail to achieve appropriate glycemic 
control with dietary management and exercise alone and 
require pharmacological treatment to improve glycemia 
(15, 16). A variety of antihyperglycemic drugs are 
currently available for adult patients that can improve 
blood glucose levels, prevent acute and chronic diabetes 
complications, improve insulin sensitivity, and improve 
endogenous insulin release and glucagon and incretin 
physiology (15, 22). Administration of exogenous insulin 
is required when oral antihyperglycemic drugs cannot 
achieve optimal glycemic control. Since the physiology 

of children and adolescents with type 2 diabetes appears 
to be the same as that of adults with type 2 diabetes, 
antihyperglycemic drugs seem to be similarly effective 
in pediatric patients. However, currently available 
drugs in pediatric patients are limited to metformin 
in most countries and sulfonylurea (glimepiride) in 
some, and insulin is generally approved for use (15). 
Antihyperglycemic drugs available for adult patients are 
shown in Table 3 (15, 22). Some pediatric patients may 
benefit from the use of off-label drugs; however, evidence 
of their efficacy and safety in children and adolescents 
remains limited. Nevertheless, several clinical trials of 
newer antihyperglycemic drugs are ongoing in pediatric 
patients with type 2 diabetes.

Initial treatment

The first choice of antihyperglycemic drugs in the 
initial treatment of children and adolescents with type 
2 diabetes includes metformin and/or insulin alone or 
in combination, as determined by clinical symptoms, 
severity of hyperglycemia, and the presence or absence 
of ketosis/diabetic ketoacidosis (15). For the initial 
assessment and treatment in those diagnosis as type 
2 diabetes, β-cell associated autoantibodies should 
be examined. As with type 1 diabetes, patients with 
positivity for antibodies require insulin treatment.

For patients with stable glycemia, defined as an 
HbA1c level of less than 8.5% (69 mmol/mol), metformin 
should be used at a maximum dose of 2 g/d together with 
a healthy lifestyle intervention (23–26). For patients 

Table 1. Dietary management in children and adolescents with type 2 diabetes

Diet 

• Teaching families to interpret nutrition fact labels.
• Emphasize healthy parenting practices related to diet and activity by promoting parental modeling of healthy 

eating habits while avoiding overly restricted food intake. 
• Encourage positive reinforcement of all goals achieved (i.e., no or minimal weight gain and reduction in high-

calorie drinks).
• Promote meals eaten on schedule in one place, preferably as a family unit, with no other activity (television, 

computer, studying), and minimize frequent snacking.
• Maintaining food and activity logs is beneficial for raising awareness of food and activity issues and for 

monitoring progress.

Adapted from Reference (15).

Table 2. Exercise management in children and adolescents with type 2 diabetes

Exercise 

• Encourage youth to participate in at least 60 min of moderate-to-vigorous physical activity daily with muscle 
and bone strength training for at least 3 days per week. 

• Reduce sedentary time, including watching television, computer-related activities, texting, and video games, 
to less than two hours per day. 

• Address sedentary time spent doing schoolwork and identifying ways to incorporate physical activity.
• Promote physical activity as a family event, including daily efforts to be more physically active, such as using 

stairs instead of elevators, walking or bicycling to school and shop, and doing housework and yard work.
• Encourage positive reinforcement of all achievements and avoidance of shaming. 

Adapted from Reference (15).
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with ketosis/diabetic ketoacidosis or an HbA1c level of 
> 8.5% (69 mmol/mol), insulin should be administered 
initially. Once daily intermediate-acting or long-acting 
basal insulin (initial dose 0.25–0.5 units/kg) is usually 
effective for improving metabolic control. There may 
be a risk of hypoglycemia; however, this is uncommon. 
Metformin should be initiated simultaneously with 

insulin after acidosis is resolved. Transition to a single 
use of metformin, titrating the dose of metformin to 2 g 
per day as tolerated, can be achieved over 2–6 wk together 
with decreasing the insulin dose by 30–50%, with the 
goal of eliminating insulin treatment. The Treatment 
Options for Type 2 Diabetes in Adolescents and Youth 
(TODAY) study demonstrated that 90% of children and 

Table 3. Non-insulin antihyperglycemic drugs for the treatment of children and adolescents with type 2 diabetes

Antihyper-
glycemic 

drugs

Mechanism of 
Action Benefits Adverse effects Names and Dosing Special 

Considerations

Percent 
HbA1c 

lowering

Approved for use in youth

Biguanide 
(Metformin)

–Acts through 
AMP kinase in 
liver, muscle, and 
fat.

–Reduces hepatic 
glucose produc-
tion by decreasing 
gluconeogenesis 
and by stimulat-
ing peripheral 
glucose uptake.

–No risk of 
hypoglycemia 
in a mono-
therapy

–Oral adminis-
tration

–An initial 
anorexic ef-
fect and may 
promote body 
weight loss 
and improve 
lipid profiles.

–Gastrointesti-
nal symptoms

–Lactic acidosis 
(rarely re-
ported)

–Begin with 
500–1,000 mg daily 
for 7 days.

–Titrate by 500 mg 
every 1–2 weeks, 
until the maximum 
tolerated dose or 
1,000 mg twice 
a day or 850 mg 
three times a day 
of the standard 
metformin prepa-
ration or 2,000 
mg once a day of 
extended-release 
metformin.

–Avoid in ketoac-
idosis, if eGFR 
< 30, cardiac 
or respiratory 
insufficiency, 
or receiving 
radiographic 
contrast mate-
rials.

1–2%

Sulfonylurea 
(Glimepiri-
de)

–Binds to receptors 
on the potassium 
/ ATP channel 
complex caus-
ing potassium 
channels to close, 
resulting in 
insulin secretion.

–Oral adminis-
tration

–Mild to severe 
hypoglycemia

–Weight gain

–1 mg taken once a 
day with breakfast 
or the first main 
meal of the day.

–Maximum dose is 
8 mg.

–May accelerate 
the loss of β-cell 
function.

1.5–2%

Glucagon-
like pep-
tide-1 (GLP-
1]) receptor 
agonist (not 
approved in 
most Asian 
countries)

–GLP-1 is secreted 
by L-cells in the 
small intestine 
in response to 
food, increasing 
insulin secretion 
proportionate 
to blood glucose 
concentrations, 
suppressing glu-
cagon, prolonging 
gastric emptying, 
and promoting 
satiety.

–No risk of 
hypoglycemia 
in a mono-
therapy

–Weight loss
–May reduce 

cardiovas-
cular, renal 
events and 
mortality.

–Gastrointes-
tinal symp-
toms, and 
infrequent 
dizziness, 
headache and 
dyspepsia 

–C cell 
hyperplasia 
and risk for 
thyroid carci-
noma in those 
with Multiple 
Endocrine 
Neoplasia 
(MEN)

–Current pediatric 
approved formula-
tions are given 
as once -daily or 
once-weekly SC.

–Liragltuide (Vic-
toza 0.6–1.8 mg 
daily SC). Start 
with lower doses 
and increase to 
maximum toler-
ated dose.

–Extended release 
Exenatide, 2 mg 
once-weekly SC

–Dulaglutide 
once weekly SC 
trial in children 
in progress 
(NCT02963766)

–Discontinue if 
pancreatitis 
suspected.

–Do not use in 
combination 
with a DPP-4 
inhibitor.

0.5–0.8%
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adolescents with type 2 diabetes could successfully wean 
off insulin and achieve glycemic targets with metformin 
monotherapy (23–26).

Subsequent treatment

The goal of the initial treatment was to achieve 
an HbA1c level of less than 7.0% (53 mmol/mol). In 
some cases, a target of less than 6.5% (48 mmol/mol) is 

Antihyper-
glycemic 

drugs

Mechanism of 
Action Benefits Adverse effects Names and Dosing Special 

Considerations

Percent 
HbA1c 

lowering

Medications Currently Not Approved in Youth

Sodium-
glucose co-
transporter 
2 (SGLT-2) 
inhibitor

–Inhibits renal 
tubular reabsorp-
tion of glucose, 
leading to 
increased urinary 
glucose loss, 
reduction in blood 
glucose, and body 
weight loss.

–No risk of 
hypoglycemia 
in a mono-
therapy

–Oral adminis-
tration

–Weight 
loss, blood 
pressure 
reduction, 
improved 
renal func-
tion.

–May reduce 
cardiovas-
cular, renal 
events and 
mortality.

–Increases in 
prevalence of 
genitourinary 
infections.

–Potential risk 
of euglycemic 
diabetic 
ketoacidosis

–Canaglifozin 
100–300 mg/d.

–Empagliflozin 
10–25 mg/d.

–Dapagliflozin 10 
mg/d.

–Ertugliflozin 15 
mg/d.

–Canaglifozin, 
trial in progress 
in children 
(NCT03170518)

–Consider 
discontinuing 
before surgical 
procedure to 
avoid potential 
DKA.

–Risk of volume 
depletion

1–2%.

Thiazolidin-
edione (TZD) 

–Binds to nuclear 
protein, activat-
ing γ-peroxisome 
proliferative 
activator recep-
tor.

–Oral adminis-
tration

–Increases in-
sulin sensitiv-
ity in muscle, 
adipose tissue 
and liver.

–Weight gain, 
anemia, 
fluid retention 
(congestive 
heart failure)

–Pioglitazone: 15 mg 
can increase to 30 
mg/d.

–Avoid use in 
patients with 
cardiac dys-
function.

0.5–1.3%

Dipeptidyl-
peptidase 
4 (DPP-4) 
inhibitor

–Inhibit the en-
zyme that breaks 
down GLP-1, 
resulting in 
higher concentra-
tions of GLP-1.

–Oral adminis-
tration

–Unlike GLP-1 
agonists no 
effect on 
gastric empty-
ing, satiety or 
weight loss.

–Upper 
respiratory 
infections, 
nasopharyn-
gitis

–Sitagliptin 100 
mg/d.

–Alogliptin 25 mg/d.
–Saxagliptin 5 mg/d.
–Linagliptin 5mg/d.

–Should not be 
used in combi-
nation with a 
GLP-1 agonist.

0.5%

α-glucosidase 
inhibitors

–Reduces the 
absorption of 
carbohydrates in 
the upper small 
intestine by inhib-
iting breakdown of 
oligosaccharides, 
thereby delaying 
absorption in 
the lower small 
intestine.

–Oral adminis-
tration

–Reduce post 
prandial 
glucose rise.

–Flatulence, 
diarrhea, 
abdominal 
cramps

–Must be given with 
meals.

–Acarbose 25–100 
mg three times a 
day

–Miglitol 100 mg 
three times a day

–Particularly 
successful in 
countries where 
carbohydrates 
make up a 
substantial 
part of the diet.

0.5–1%

 Adapted from Reference (15, 22). SC, subcutaneous injection.

Table 3. (continue)
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recommended without the occurrence of hypoglycemic 
events (27, 28). If the HbA1c target is not achieved and the 
HbA1c level is 6.5–9.0% (48–74 mmol/mol), metformin 
monotherapy should be continued with a maximum dose 
of 2 g/d within 4 mo, in addition to a second drug (25, 
29). A second-choice drug should be selected based on 
the degree of its glucose-lowering effect, mechanism 
of action, pharmaceutical pricing, approval for use in 
youth, dosing regimen, adverse events, and influence on 
comorbidities and complications. A glucagon-like peptide 
1 (GLP-1) receptor agonist may be recommended as a 
second-choice drug if the use is approved in the home 
country (30, 31). With a higher HbA1c value > 9.0% (75 
mmol/mol), basal insulin should be started or restated. 
The initial dose of basal insulin is 0.25–0.5 units/kg, 
and the dose is titrated according to the results of blood 
glucose levels by self-monitoring. If the glycemic target is 
not achieved with a combination of metformin and basal 
insulin at a dose of up to 1.5 units/kg/d, the initiation 
of prandial insulin should be considered, with titration 
to an HbA1c level less than 7.0% (53 mmol/mol) or less 
than 6.5% (48 mmol/mol) without hypoglycemia (Fig. 1).

Use of additional antihyperglycemic drugs

Metformin is only approved for use in pediatric 
patients worldwide or in the majority of countries, and 
sulfonylureas (glimepiride) in some countries. However, 
other antihyperglycemic drugs may be beneficial for 
glycemic control and have other additional effects, even 
in children and adolescents with type 2 diabetes.

1) Metformin
Metformin, a biguanide, acts through adenosine 

monophosphate-activated protein kinase (AMP kinase) 

in the liver, muscle, and fat and reduces hepatic 
glucose production by decreasing gluconeogenesis and 
stimulating peripheral glucose uptake. Metformin does 
not promote endogenous insulin secretion; therefore, 
it has little or no risk of causing hypoglycemia when 
used as a monotherapy. In addition, body weight either 
remains stable or decreases during monotherapy and 
plasma lipid levels may improve (32, 33). A previous 
study showed that the majority of pediatric patients 
with recent-onset type 2 diabetes achieved a target 
HbA1c level of less than 8.0% (63 mmol/mol), with an 
HbA1c level of less than 7.0% (53 mmol/mol) in 78%, 
and that of less than 6.0% (42 mmol/mol) in 46%, on 
metformin monotherapy (23). However, the TODAY 
study subsequently reported that participants often 
required additional antihyperglycemic drugs such as 
rositaglitazone to sustain appropriate glycemic control 
for a long period (24, 25). Polycystic ovary syndrome 
(PCOS) is a common complication in youth with type 
2 diabetes (34, 35). Obese patients with PCOS show 
more insulin resistance and lipid abnormalities than 
healthy individuals with PCOS (36). Thus, metformin 
may improve ovulatory abnormalities in females with 
PCOS (34). The most common adverse events are 
gastrointestinal symptoms, and vitamin B12 deficiency 
may occur, particularly in patients with anemia on a 
vegetarian diet with anemia (37). Lactic acidosis is rarely 
observed and restricted to patients with renal, hepatic, 
or cardiac insufficiency.

2) Sulfonylureas (Glimepiride)
Sulfonylureas bind to receptors on the potassium/

adenosine triphosphate (ATP) channel complex, 
causing the potassium channels to close and promote 
endogenous insulin secretion. Glimepiride is a new 

Fig. 1. Approaches to initial treatment and subsequent treatment in children and adolescents with type 2 diabetes. Adapted 
from Reference (15).
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sulfonylurea that stimulates less insulin secretion but 
has additional pancreatic effects, such as decreased 
glucose production in the liver and enhanced insulin 
sensitivity in peripheral tissues (38). A single pediatric 
clinical trial of a sulfonylurea (glimepiride) showed a 
similar effect to metformin in improving glycemic control 
when used as monotherapy, with a greater degree of 
weight gain and hypoglycemia (39). Major adverse events 
include mild-to-severe hypoglycemia and body weight 
gain, and sulfonylureas may accelerate the loss of β-cell 
function overtime (40).

3) GLP-1 receptor agonists (not approved for use in 
patients aged less than 18 yr in some countries)

GLP-1 is secreted by L cells in the small intestine 
in response to food intake, increasing endogenous 
insulin secretion in proportion to blood glucose levels, 
suppressing glucagon release, prolonging gastric 
emptying, and promoting satiety (41). GLP-1 is rapidly 
degraded by dipeptidyl peptidase-4 (DPP-4). The Ellipse 
trial, a randomized double-blind clinical trial, studied 
the efficacy of the once-daily GLP-1 agonist liraglutide 
at a maximum dose of 1.8 mg per day in children and 
adolescents with type 2 diabetes. This trial demonstrated 
superiority to the placebo control in lowering HbA1c 
levels by 1% and 1.5% at 26 and 52 wk, respectively, 
and was accompanied by a small reduction in the BMI 
z-score [42]. Liraglutide (Victoza 0.6–1.8 mg per day) 
was subsequently approved by the Food and Drug 
Administration (FDA) for use in youth aged 12–17 yr; 
however, it still does not receive approval for use in 
some areas, including Asian countries. Recently, the 
long-acting GLP-1 agonist exenatide (Bydureon BCise 
2 mg) was approved as a once-weekly injection for 
children and adolescents aged 10–17 yr based on data 
from the BCB114 study, which showed superiority to the 
placebo-control in lowering the HbA1c level, with a mean 
change of an HbA1c level of –0.85% from the baseline 
between the groups (p = 0.012) (31). Another weekly 
GLP-1 receptor agonist (dulaglutide) trial in children 
is currently underway (NCT02963766). GLP-1 receptor 
agonists are also effective in treating obesity with or 
without type 2 diabetes (42, 43). The use of either GLP-1 
agonists or sodium-glucose co-transporter 2 (SGLT2) 
inhibitors is recommended as the first-choice drug in 
adult patients with type 2 diabetes and cardiovascular 
or chronic kidney disease (22, 34, 44). However, the 
long-term effect in cardiovascular and renal events with 
GLP-1 receptor agonists have not been confirmed in 
children or adolescents with type 2 diabetes.

4) Sodium-glucose co-transporter 2 (SGLT2) inhibitors 
(not approved for use in patients aged less than 18 yr)

SGLT2 inhibitors suppress the reabsorption of 
glucose in the proximal renal tubule, resulting in the 
increased excretion of urinary glucose, reduction in blood 
glucose, and loss of body weight. In addition, energy 
metabolism adapts to the relative glucose deficiency and 
increases lipolysis in fat cells, fatty acid oxidation, and 

ketone body production in the liver during treatment 
with SGLT2 inhibitors (45). Hemodynamic and renal 
functions are profoundly modulated during treatment 
with SGLT2 inhibitors, which have protective effects 
against cardiovascular diseases and renal dysfunction 
(46, 47). Various studies have demonstrated a glucose-
lowering effect and other additional advantages in adult 
patients with type 2 diabetes (22, 46, 48–50); however, its 
use in pediatric patients is still not approved worldwide. 
The use of dapagliflozin in children and adolescents with 
type 2 diabetes in the CANagliflozin CardioVascular 
Assessment Study (CANVAS) did not show superiority 
to metformin with or without insulin, although a 
sub-analysis showed a 1% reduction in HbA1c levels 
(51). An important adverse event associated with the 
use of SGLT2 inhibitors is the occurrence of diabetic 
ketoacidosis, particularly when used together with 
insulin in patients with type 1 diabetes (52–54). A 
systematic review and meta-analysis of 39 randomized 
controlled trials for adult patients with type 2 diabetes 
demonstrated that SGLT2 inhibitors were statistically 
associated with an increased risk of ketoacidosis versus 
control (SGLT2 inhibitors: 62/34,961 [0.18%] versus 
control: 23/25,211 [0.09%], with odds ratio [OR] 2.13 
and 95% confidence interval [CI] 1.38 to 3.27). A possible 
reason for the high incidence of ketoacidosis is that 
SGLT2 inhibitors may fail to suppress lipolysis and 
ketogenesis, even if blood glucose levels are not elevated 
(55, 56). Decreased renal clearance of ketone bodies is 
another mechanism by which ketoacidosis is exacerbated.

5) Thiazolidinediones (not approved for use in patients 
aged less than 18 yr)

Thiazolidinediones bind to nuclear protein, 
activating γ-peroxisome proliferative activator receptor. 
They increase insulin sensitivity in the muscle, adipose 
tissue, and liver, and show a greater effect on glucose 
uptake in the liver than metformin. Adding the use of 
thiazolidinedione or rosiglitazone to metformin was 
shown to be more effective for lowering blood glucose 
level in the TODAY study: i.e., therapeutic failure rates 
in the group receiving metformin plus rosiglitazone 
(38.6%) versus metformin alone (51.7%), and versus 
metformin plus lifestyle modification (46.6%) (25). 
Thiazolidinediones may be useful for patients with 
severe insulin resistance and normal cardiac function, 
particularly when metformin is not tolerated. The 
adverse events associated with thiazolidinediones 
include weight gain, anemia, and fluid retention 
(congestive heart failure). Pioglitazone is preferable 
because it causes fewer cardiovascular adverse events 
than rosiglitazone in adult patients with type 2 diabetes 
(57). Liver toxicity was not observed with the newer 
thiazolidinediones.

6) DPP-4 inhibitors (not approved for use in patients 
aged less than 18 yr)

DPP-4 inhibitors suppress the breakdown of GLP-
1, resulting in increased GLP-1 levels. Unlike GLP-1 
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agonists, these do not affect gastric emptying, satiety, 
or body weight. A randomized, double-blind, placebo-
controlled dose-finding study of the DPP-4 inhibitor 
linagliptin demonstrated that both doses (1 and 5 mg) 
were effective in reducing HbA1c and fasting plasma 
glucose levels in children and adolescents with type 
2 diabetes aged 10–18 yr (58). However, in another 
randomized clinical trial in children and adolescents 
with type 2 diabetes, sitagliptin did not show a beneficial 
effect compared with metformin monotherapy (59).

7) α-Glucosidase inhibitors (not approved for use in 
patients aged less than 18 yr)

α-Glucosidase inhibitors reduce the absorption 
of carbohydrates in the upper small intestine by 
suppressing breakdown of oligosaccharides, resulting 
in delaying absorption in the lower small intestine. They 
can reduce the postprandial increase in blood glucose 
levels and improve glycemia, particularly in patients 
with early stage diabetes. Combination therapy with 
other antihyperglycemic drugs is useful. The most 
common adverse events are flatulence, diarrhea, and 
abdominal cramps.

8) Insulin
Insulin is the oldest hyperglycemic agent used 

in children and adolescents with type 2 diabetes. In 
the 1980s, oral hyperglycemic drugs were almost 
completely prohibited for pediatric use, and insulin 
was the only hyperglycemic agent approved for use 
in pediatric patients. Currently, the ISPAD Clinical 
Practice Consensus Guidelines recommend the use of 
once-daily injections of intermediate- or long-acting 
basal insulin to support basal insulin secretion for initial 
and subsequent treatment in children and adolescents 
with type 2 diabetes. The combination treatment with 
GLP-1 receptor agonists and basal insulin is associated 
with reduced hypoglycemia and body weight loss in 
adults (60). In the second step of insulin treatment, 
administration of prandial insulin (short- or rapid-acting 
insulin) once to three times daily should be considered, 
with prandial insulin providing greater flexibility in 
meal planning (15). Insulin regimens should be titrated 
to achieve appropriate glycemic control. Patients who 
have completely lost endogenous insulin secretion 
eventually progress to intensive insulin treatment, such 
as multiple daily injections of insulin or insulin pump 
therapy, similar to that used in patients with type 1 
diabetes (16).

Choice of appropriate antihyperglycemic 
drugs

Consensus reports from the American Diabetes 
Association (ADA) (22) and the European Association 
for the Study of Diabetes (EASD) (61) proposed that a 
first-choice antihyperglycemic drug for adult patients 
with type 2 diabetes depends on comorbidities, 
patient-centered treatment factors, and patient needs 

and includes metformin with comprehensive lifestyle 
modification. A patient-centered approach should guide 
the selection of appropriate antihyperglycemic drugs. 
Efficacy, safety, adverse events, risk of hypoglycemia, 
impact on body weight, cost, and effects on cardiovascular 
and renal comorbidities. Consequently, SGLT2 inhibitors 
and GLP-1 receptor agonists are recommended as 
add-on drugs with demonstrated benefits in patients 
with cardiovascular and chronic renal diseases. 
Controversially, sulfonylureas should not be used 
in patients with risk factors for hypoglycemia, and 
metformin, sulfonylureas, and thiazolidinediones should 
not be used in patients with renal failure. Metformin 
and thiazolidinediones are contraindicated for patients 
with heart failure. In addition, sulfonylureas and insulin 
may promote obesity through noncritical use.

In contrast, most Caucasians with type 2 diabetes 
are obese; however, some Asian patients are not (11, 
12, 62). A comparison of insulin-secretory capacity and 
insulin resistance between Caucasians and Japanese 
individuals has shown that Japanese individuals have 
lower insulin-secretory capacity than Caucasians, even 
though their glucose tolerance is normal. Caucasians 
display rapidly increasing insulin resistance as they 
progress from normal glucose tolerance to diabetes, 
whereas Japanese people tend to exhibit lower insulin-
secretory capacity than that usually associated with 
increased insulin resistance (63, 64). Based on these 
findings, the Japan Diabetes Society (JDS) proposed 
that antihyperglycemic drugs in type 2 diabetes should 
be selected to address the diabetes pathology and 
background characteristics involved; the Society also 
proposed a different treatment strategy for Japanese 
from that for Caucasians (65). i.e. For obese patients 
with a greater contribution of insulin resistance to the 
pathology, metformin, SGLT2 inhibitors, GLP-1 receptor 
agonists, DPP-4 inhibitors, and thiazolidinediones 
are recommended as first-choice drugs. α-glucosidase 
inhibitors are also useful for reduction of postprandial 
rise of blood glucose. For non-obese patients with an 
assumed contribution of insulin secretion failure to the 
pathology, insulin secretagogues, such as sulfonylureas, 
GLP-1 receptor agonists, and DPP-4 inhibitors, are 
recommended as first-choice drugs. Metformin, SGLT2 
inhibitors and α-glucosidase inhibitors are also available. 
Non-obese patients are likely to progress to insulin 
treatment over time to achieve appropriate glycemic 
control as the β-cell function gradually declines (11).

From these points of view, Table 4 summarizes 
possible pharmacological options in children and 
adolescents with type 2 diabetes. We propose that the 
present treatment should be reviewed every 2–3 mo after 
initiation to avoid delays in treatment intensification. 
Pharmacological treatment needs to be immediately 
adjusted for each patient who has failed to achieve the 
HbA1c control goals. It is also important to promote 
dietary management tailored to address diabetes 
pathology and nephropathy, as well as physical activity 
and lifestyle modifications in each patient (65).
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Conclusions

Currently available antihyperglycemic drugs in 
adult patients with type 2 diabetes seem to be effective 
in controlling glycemia and, in some patients, offer 
beneficial effects for preventing cardiovascular and renal 
comorbidities without any problematic adverse events, 
even in pediatric patients aged > 10 yr. The efficacy and 
safety of these drugs in pediatric patients should be 

evaluated in large-scale studies worldwide, and approval 
for pediatric use is expected.

Conflict of interests: The authors declare that 
they received funding from Novo Nordisk Pharma Ltd., 
Eli Lilly Japan K.K., Abbott Japan L.L.C., Terumo Corp., 
and JCR Pharmaceuticals Co., Ltd. These supporting 
sources have no involvement in or restrictions on 
publication.

References

 1. Pettitt DJ, Talton J, Dabelea D, Divers J, Imperatore G, Lawrence JM, et al. SEARCH for Diabetes in Youth Study Group. 
Prevalence of diabetes in U.S. youth in 2009: the SEARCH for diabetes in youth study. Diabetes Care 2014;37: 402–8. 
[Medline]  [CrossRef]

 2. Zeitler P, Arslanian S, Fu J, Pinhas-Hamiel O, Reinehr T, Tandon N, et al. ISPAD Clinical Practice Consensus Guidelines 
2018: Type 2 diabetes mellitus in youth. Pediatr Diabetes 2018;19(Suppl 27): 28–46. [Medline]  [CrossRef]

 3. James S, Maniam J, Cheung PT, Urakami T, von Oettingen J, Likitmaskul S, et al. Epidemiology and phenotypes of 
diabetes in children and adolescents in non-European-origin populations in or from Western Pacific region. World J Clin 
Pediatr 2022;11: 173–95. [Medline]  [CrossRef]

 4. Dabelea D, Mayer-Davis EJ, Saydah S, Imperatore G, Linder B, Divers J, et al. SEARCH for Diabetes in Youth Study. 
Prevalence of type 1 and type 2 diabetes among children and adolescents from 2001 to 2009. JAMA 2014;311: 1778–86. 
[Medline]  [CrossRef]

 5. Mayer-Davis EJ, Lawrence JM, Dabelea D, Divers J, Isom S, Dolan L, et al. SEARCH for Diabetes in Youth Study. 
Incidence trends of type 1 and type 2 diabetes among youths, 2002-2012. N Engl J Med 2017;376: 1419–29. [Medline]  
[CrossRef]

 6. Urakami T, Miyata M, Yoshida K, Mine Y, Kuwabara R, Aoki M, et al. Changes in annual incidence of school children 
with type 2 diabetes in the Tokyo Metropolitan Area during 1975-2015. Pediatr Diabetes 2018;19: 1385–92. [Medline]  
[CrossRef]

 7. Copeland KC, Zeitler P, Geffner M, Guandalini C, Higgins J, Hirst K, et al. TODAY Study Group. Characteristics of 
adolescents and youth with recent-onset type 2 diabetes: the TODAY cohort at baseline. J Clin Endocrinol Metab 2011;96: 
159–67. [Medline]  [CrossRef]

 8. Schober E, Holl RW, Grabert M, Thon A, Rami B, Kapellen T, et al. Diabetes mellitus type 2 in childhood and adolescence 
in Germany and parts of Austria. Eur J Pediatr 2005;164: 705–7. [Medline]  [CrossRef]

 9. Schober E, Rami B, Grabert M, Thon A, Kapellen T, Reinehr T, et al. DPV-Wiss Initiative of the German Working Group 

Table 4. Possible pharmacological options in children and adolescents 
with type 2 diabetes

Recommended options 
for obese patients

Recommended options 
for non-obese patients 

First-choice drug First-choice drugs
Metformin Sulfonylurea (glimepiride)

Second-choice drugs GLP-1 receptor agonists
SGLT2 inhibitors DPP-4 inhibitors
GLP-1 receptor agonists Another available drugs
DPP-4 inhibitors Metformin
Thiazolidinediones SGLT2 inhibitors

Another available drugs α-glucosidase inhibitors
α-glucosidase inhibitors 

Additional medication benefits for comorbidities
Chronic kidney disease: SGLT2 inhibitors, GLP-1 receptor agonists
Heart failure: SGLT2 inhibitors
Cardiovascular disease: SGLT2 inhibitors, GLP-1 receptor agonists

SGLT2 inhibitor, sodium-glucose co-transporter 2 inhibitor; GLP-1 recep-
tor agonist, glucagon-like peptide-1 receptor agonist; DPP-4 inhibitor, 
dipeptidyl peptidase-4.

Clin Pediatr Endocrinol

http://www.ncbi.nlm.nih.gov/pubmed/24041677?dopt=Abstract
http://dx.doi.org/10.2337/dc13-1838
http://www.ncbi.nlm.nih.gov/pubmed/29999228?dopt=Abstract
http://dx.doi.org/10.1111/pedi.12719
http://www.ncbi.nlm.nih.gov/pubmed/35433305?dopt=Abstract
http://dx.doi.org/10.5409/wjcp.v11.i2.173
http://www.ncbi.nlm.nih.gov/pubmed/24794371?dopt=Abstract
http://dx.doi.org/10.1001/jama.2014.3201
http://www.ncbi.nlm.nih.gov/pubmed/28402773?dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1610187
http://www.ncbi.nlm.nih.gov/pubmed/30101568?dopt=Abstract
http://dx.doi.org/10.1111/pedi.12750
http://www.ncbi.nlm.nih.gov/pubmed/20962021?dopt=Abstract
http://dx.doi.org/10.1210/jc.2010-1642
http://www.ncbi.nlm.nih.gov/pubmed/16012857?dopt=Abstract
http://dx.doi.org/10.1007/s00431-005-1709-9


Urakami

134

doi: 10.1297/cpe.32.2023-0007

for Paediatric Diabetology. Phenotypical aspects of maturity-onset diabetes of the young (MODY diabetes) in comparison 
with Type 2 diabetes mellitus (T2DM) in children and adolescents: experience from a large multicentre database. Diabet 
Med 2009;26: 466–73. [Medline]  [CrossRef]

 10. Liu LL, Lawrence JM, Davis C, Liese AD, Pettitt DJ, Pihoker C, et al. SEARCH for Diabetes in Youth Study Group. 
Prevalence of overweight and obesity in youth with diabetes in USA: the SEARCH for Diabetes in Youth study. Pediatr 
Diabetes 2010;11: 4–11. [Medline]  [CrossRef]

 11. Urakami T, Kuwabara R, Habu M, Okuno M, Suzuki J, Takahashi S, et al. Clinical characteristics of non-obese children 
with type 2 diabetes mellitus without involvement of β-cell autoimmunity. Diabetes Res Clin Pract 2013;99: 105–11. 
[Medline]  [CrossRef]

 12. Ramachandran A, Snehalatha C, Satyavani K, Sivasankari S, Vijay V. Type 2 diabetes in Asian-Indian urban children. 
Diabetes Care 2003;26: 1022–5. [Medline]  [CrossRef]

 13. Al-Saeed AH, Constantino MI, Molyneaux L, D’Souza M, Limacher-Gisler F, Luo C, et al. An inverse relationship between 
age of type 2 diabetes onset and complication risk and mortality: the impact of youth-onset type 2 diabetes. Diabetes Care 
2016;39: 823–9. [Medline]  [CrossRef]

 14. Reynolds K, Saydah SH, Isom S, Divers J, Lawrence JM, Dabelea D, et al. Mortality in youth-onset type 1 and type 2 
diabetes: The SEARCH for diabetes in youth study. J Diabetes Complications 2018;32: 545–9. [Medline]  [CrossRef]

 15. Shah AS, Zeitler PS, Wong J, Pena AS, Wicklow B, Arslanian S, et al. ISPAD Clinical Practice Consensus Guidelines 
2022: Type 2 diabetes in children and adolescents. Pediatr Diabetes 2022;23: 872–902. [Medline]  [CrossRef]

 16. Urakami T. New insights into the pharmacological treatment of pediatric patients with type 2 diabetes. Clin Pediatr 
Endocrinol 2018;27: 1–8. [Medline]  [CrossRef]

 17. Grey M, Schreiner B, Pyle L. Development of a diabetes education program for youth with type 2 diabetes. Diabetes Educ 
2009;35: 108–16. [Medline]  [CrossRef]

 18. Ergun-Longmire B, Clemente E, Vining-Maravolo P, Roberts C, Buth K, Greydanus DE. Diabetes education in pediatrics: 
How to survive diabetes. Dis Mon 2021;67: 101153. [Medline]  [CrossRef]

 19. Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato KA, et al. American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines Obesity Society. 2013 AHA/ACC/TOS guideline for the management 
of overweight and obesity in adults: a report of the American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines and The Obesity Society. Circulation 2014;129(Suppl 2): S102–38. [Medline]  [CrossRef]

 20. Dhuper S, Buddhe S, Patel S. Managing cardiovascular risk in overweight children and adolescents. Paediatr Drugs 
2013;15: 181–90. [Medline]  [CrossRef]

 21. Chahal H, Fung C, Kuhle S, Veugelers PJ. Availability and night-time use of electronic entertainment and communication 
devices are associated with short sleep duration and obesity among Canadian children. Pediatr Obes 2013;8: 42–51. 
[Medline]  [CrossRef]

 22. American Diabetes Association Professional Practice Committee. 9. Pharmacologic approaches to glycemic treatment: 
standards of medical care in diabetes-2022. Diabetes Care 2022;45(Suppl 1): S125–43. [Medline]  [CrossRef]

 23. Laffel L, Chang N, Grey M, Hale D, Higgins L, Hirst K, et al. TODAY Study Group. Metformin monotherapy in youth with 
recent onset type 2 diabetes: experience from the prerandomization run-in phase of the TODAY study. Pediatr Diabetes 
2012;13: 369–75. [Medline]  [CrossRef]

 24. Arslanian S. TODAY study. Treatment effects on insulin sensitivity and b-cell function in TODAY. Pediatr Diabetes 
2012;13(suppl 17): 1–14.

 25. Zeitler P, Hirst K, Pyle L, Linder B, Copeland K, Arslanian S, et al. TODAY Study Group. A clinical trial to maintain 
glycemic control in youth with type 2 diabetes. N Engl J Med 2012;366: 2247–56. [Medline]  [CrossRef]

 26. Kelsey MM, Geffner ME, Guandalini C, Pyle L, Tamborlane WV, Zeitler PS, et al. Treatment Options for Type 2 Diabetes 
in Adolescents and Youth Study Group. Presentation and effectiveness of early treatment of type 2 diabetes in youth: lessons 
from the TODAY study. Pediatr Diabetes 2016;17: 212–21. [Medline]  [CrossRef]

 27. American Diabetes Association Professional Practice Committee. 14. Children and adolescents: Standards of medical care 
in diabetes–2022. Diabetes Care 2022;45(Suppl 1): S208–31. [Medline]  [CrossRef]

 28. de Bock M, Codner E, Craig ME, Huynh T, Maahs DM, Mahmud FH, et al. ISPAD Clinical Practice Consensus Guidelines 
2022: Glycemic targets and glucose monitoring for children, adolescents, and young people with diabetes. Pediatr Diabetes 
2022;23: 1270–6. [Medline]  [CrossRef]

 29. Zeitler P, Hirst K, Copeland KC, El Ghormli L, Levitt Katz L, Levitsky LL, et al. TODAY Study Group. HbA1c after a 
short period of monotherapy with metformin identifies durable glycemic control among adolescents with type 2 diabetes. 
Diabetes Care 2015;38: 2285–92. [Medline]  [CrossRef]

 30. Tamborlane WV, Barrientos-Pérez M, Fainberg U, Frimer-Larsen H, Hafez M, Hale PM, et al. Ellipse Trial Investigators. 
Liraglutide in children and adolescents with type 2 diabetes. N Engl J Med 2019;381: 637–46. [Medline]  [CrossRef]

 31. Tamborlane WV, Bishai R, Geller D, Shehadeh N, Al-Abdulrazzaq D, Vazquez EM, et al. Once-weekly exenatide in youth 
with type 2 diabetes. Diabetes Care 2022;45: 1833–40. [Medline]  [CrossRef]

 32. Jones KL, Arslanian S, Peterokova VA, Park JS, Tomlinson MJ. Effect of metformin in pediatric patients with type 2 
diabetes: a randomized controlled trial. Diabetes Care 2002;25: 89–94. [Medline]  [CrossRef]

 33. Matsuura N, Amemiya S, Sugihara S, Urakami T, Kikuchi N, Kato H, et al. Study Group of the Pediatric Clinical Trial of 
Metformin in Japan. Metformin monotherapy in children and adolescents with type 2 diabetes mellitus in Japan. Diabetol 
Int 2018;10: 51–7. [Medline]  [CrossRef]

 34. Legro RS, Arslanian SA, Ehrmann DA, Hoeger KM, Murad MH, Pasquali R, et al. Endocrine Society. Diagnosis and 
treatment of polycystic ovary syndrome: an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab 2013;98: 

Clin Pediatr EndocrinolClin Pediatr Endocrinol

http://www.ncbi.nlm.nih.gov/pubmed/19646184?dopt=Abstract
http://dx.doi.org/10.1111/j.1464-5491.2009.02720.x
http://www.ncbi.nlm.nih.gov/pubmed/19473302?dopt=Abstract
http://dx.doi.org/10.1111/j.1399-5448.2009.00519.x
http://www.ncbi.nlm.nih.gov/pubmed/23260852?dopt=Abstract
http://dx.doi.org/10.1016/j.diabres.2012.11.021
http://www.ncbi.nlm.nih.gov/pubmed/12663567?dopt=Abstract
http://dx.doi.org/10.2337/diacare.26.4.1022
http://www.ncbi.nlm.nih.gov/pubmed/27006511?dopt=Abstract
http://dx.doi.org/10.2337/dc15-0991
http://www.ncbi.nlm.nih.gov/pubmed/29685480?dopt=Abstract
http://dx.doi.org/10.1016/j.jdiacomp.2018.03.015
http://www.ncbi.nlm.nih.gov/pubmed/36161685?dopt=Abstract
http://dx.doi.org/10.1111/pedi.13409
http://www.ncbi.nlm.nih.gov/pubmed/29403151?dopt=Abstract
http://dx.doi.org/10.1297/cpe.27.1
http://www.ncbi.nlm.nih.gov/pubmed/19244566?dopt=Abstract
http://dx.doi.org/10.1177/0145721708325156
http://www.ncbi.nlm.nih.gov/pubmed/33541707?dopt=Abstract
http://dx.doi.org/10.1016/j.disamonth.2021.101153
http://www.ncbi.nlm.nih.gov/pubmed/24222017?dopt=Abstract
http://dx.doi.org/10.1161/01.cir.0000437739.71477.ee
http://www.ncbi.nlm.nih.gov/pubmed/23580344?dopt=Abstract
http://dx.doi.org/10.1007/s40272-013-0011-y
http://www.ncbi.nlm.nih.gov/pubmed/22962067?dopt=Abstract
http://dx.doi.org/10.1111/j.2047-6310.2012.00085.x
http://www.ncbi.nlm.nih.gov/pubmed/34964831?dopt=Abstract
http://dx.doi.org/10.2337/dc22-S009
http://www.ncbi.nlm.nih.gov/pubmed/22369102?dopt=Abstract
http://dx.doi.org/10.1111/j.1399-5448.2011.00846.x
http://www.ncbi.nlm.nih.gov/pubmed/22540912?dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1109333
http://www.ncbi.nlm.nih.gov/pubmed/25690268?dopt=Abstract
http://dx.doi.org/10.1111/pedi.12264
http://www.ncbi.nlm.nih.gov/pubmed/34964865?dopt=Abstract
http://dx.doi.org/10.2337/dc22-S014
http://www.ncbi.nlm.nih.gov/pubmed/36537523?dopt=Abstract
http://dx.doi.org/10.1111/pedi.13455
http://www.ncbi.nlm.nih.gov/pubmed/26537182?dopt=Abstract
http://dx.doi.org/10.2337/dc15-0848
http://www.ncbi.nlm.nih.gov/pubmed/31034184?dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1903822
http://www.ncbi.nlm.nih.gov/pubmed/35679098?dopt=Abstract
http://dx.doi.org/10.2337/dc21-2275
http://www.ncbi.nlm.nih.gov/pubmed/11772907?dopt=Abstract
http://dx.doi.org/10.2337/diacare.25.1.89
http://www.ncbi.nlm.nih.gov/pubmed/30800563?dopt=Abstract
http://dx.doi.org/10.1007/s13340-018-0361-3


Treatment in type 2 diabetes

135

doi: 10.1297/cpe.32.2023-0007

4565–92. [Medline]  [CrossRef]
 35. Kim JY, Tfayli H, Michaliszyn SF, Arslanian S. Impaired lipolysis, diminished fat oxidation, and metabolic inflexibility 

in obese girls with polycystic ovary syndrome. J Clin Endocrinol Metab 2018;103: 546–54. [Medline]  [CrossRef]
 36. Li L, Feng Q, Ye M, He Y, Yao A, Shi K. Metabolic effect of obesity on polycystic ovary syndrome in adolescents: a 

meta-analysis. J Obstet Gynaecol 2017;37: 1036–47. [Medline]  [CrossRef]
 37. de Jager J, Kooy A, Lehert P, Wulffelé MG, van der Kolk J, Bets D, et al. Long term treatment with metformin in patients 

with type 2 diabetes and risk of vitamin B-12 deficiency: randomised placebo controlled trial. BMJ 2010;340: c2181. 
[Medline]  [CrossRef]

 38. Campbell RK. Glimepiride: role of a new sulfonylurea in the treatment of type 2 diabetes mellitus. Ann Pharmacother 
1998;32: 1044–52. [Medline]  [CrossRef]

 39. Gottschalk M, Danne T, Vlajnic A, Cara JF. Glimepiride versus metformin as monotherapy in pediatric patients with type 
2 diabetes: a randomized, single-blind comparative study. Diabetes Care 2007;30: 790–4. [Medline]  [CrossRef]

 40. Kahn SE, Haffner SM, Heise MA, Herman WH, Holman RR, Jones NP, et al. ADOPT Study Group. Glycemic durability 
of rosiglitazone, metformin, or glyburide monotherapy. N Engl J Med 2006;355: 2427–43. [Medline]  [CrossRef]

 41. Drucker DJ, Nauck MA. The incretin system: glucagon-like peptide-1 receptor agonists and dipeptidyl peptidase-4 
inhibitors in type 2 diabetes. Lancet 2006;368: 1696–705. [Medline]  [CrossRef]

 42. Ryan PM, Seltzer S, Hayward NE, Rodriguez DA, Sless RT, Hawkes CP. Safety and efficacy of glucagon-like peptide-1 
receptor agonists in children and adolescents with obesity: A meta-analysis. J Pediatr 2021;236: 137–147.e13. [Medline]  
[CrossRef]

 43. Chadda KR, Cheng TS, Ong KK. GLP-1 agonists for obesity and type 2 diabetes in children: Systematic review and 
meta-analysis. Obes Rev 2021;22: e13177. [Medline]  [CrossRef]

 44. Mann JFE, Ørsted DD, Brown-Frandsen K, Marso SP, Poulter NR, Rasmussen S, et al. LEADER Steering Committee and 
Investigators Liraglutide and renal outcomes in type 2 diabetes. N Engl J Med 2017;377: 839–48. [Medline]  [CrossRef]

 45. Kashiwagi A, Maegawa H. Metabolic and hemodynamic effects of sodium-dependent glucose cotransporter 2 inhibitors 
on cardio-renal protection in the treatment of patients with type 2 diabetes mellitus. J Diabetes Investig 2017;8: 416–27. 
[Medline]  [CrossRef]

 46. Heerspink HJ, Perkins BA, Fitchett DH, Husain M, Cherney DZ. Sodium glucose cotransporter 2 inhibitors in the treatment 
of diabetes mellitus: cardiovascular and kidney effects, potential mechanisms, and clinical applications. Circulation 
2016;134: 752–72. [Medline]  [CrossRef]

 47. Liu B, Wang Y, Zhang Y, Yan B. Mechanisms of protective effects of SGLT2 inhibitors in cardiovascular disease and renal 
dysfunction. Curr Top Med Chem 2019;19: 1818–49. [Medline]  [CrossRef]

 48. Raskin P. Sodium-glucose cotransporter inhibition: therapeutic potential for the treatment of type 2 diabetes mellitus. 
Diabetes Metab Res Rev 2013;29: 347–56. [Medline]  [CrossRef]

 49. Chao EC. SGLT-2 inhibitors: A new mechanism for glycemic control. Clin Diabetes 2014;32: 4–11. [Medline]  [CrossRef]
 50. Jabbour SA. SGLT2 inhibitors to control glycemia in type 2 diabetes mellitus: a new approach to an old problem. Postgrad 

Med 2014;126: 111–7. [Medline]  [CrossRef]
 51. Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, et al. CANVAS Program Collaborative Group 

Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes. N Engl J Med 2017;377: 644–57. [Medline]  
[CrossRef]

 52. Liu J, Li L, Li S, Wang Y, Qin X, Deng K, et al. Sodium-glucose co-transporter-2 inhibitors and the risk of diabetic 
ketoacidosis in patients with type 2 diabetes: A systematic review and meta-analysis of randomized controlled trials. 
Diabetes Obes Metab 2020;22: 1619–27. [Medline]  [CrossRef]

 53. Evans M, Hicks D, Patel D, Patel V, McEwan P, Dashora U. Optimising the benefits of SGLT2 inhibitors for type 1 diabetes. 
Diabetes Ther 2020;11: 37–52. [Medline]  [CrossRef]

 54. Dandona P, Mathieu C, Phillip M, Hansen L, Griffen SC, Tschöpe D, et al. DEPICT-1 Investigators. Efficacy and safety 
of dapagliflozin in patients with inadequately controlled type 1 diabetes (DEPICT-1): 24 week results from a multicentre, 
double-blind, phase 3, randomised controlled trial. Lancet Diabetes Endocrinol 2017;5: 864–76. [Medline]  [CrossRef]

 55. Liljenquist JE, Bomboy JD, Lewis SB, Sinclair-Smith BC, Felts PW, Lacy WW, et al. Effects of glucagon on lipolysis and 
ketogenesis in normal and diabetic men. J Clin Invest 1974;53: 190–7. [Medline]  [CrossRef]

 56. Kibbey RG. SGLT-2 inhibition and glucagon: Cause for alarm? Trends Endocrinol Metab 2015;26: 337–8. [Medline]  
[CrossRef]

 57. Lincoff AM, Wolski K, Nicholls SJ, Nissen SE. Pioglitazone and risk of cardiovascular events in patients with type 2 
diabetes mellitus: a meta-analysis of randomized trials. JAMA 2007;298: 1180–8. [Medline]  [CrossRef]

 58. Tamborlane WV, Laffel LM, Weill J, Gordat M, Neubacher D, Retlich S, et al. Randomized, double-blind, placebo-controlled 
dose-finding study of the dipeptidyl peptidase-4 inhibitor linagliptin in pediatric patients with type 2 diabetes. Pediatr 
Diabetes 2018;19: 640–8. [Medline]  [CrossRef]

 59. Shankar RR, Zeitler P, Deeb A, Jalaludin MY, Garcia R, Newfield RS, et al. A randomized clinical trial of the efficacy 
and safety of sitagliptin as initial oral therapy in youth with type 2 diabetes. Pediatr Diabetes 2022;23: 173–82. [Medline]  
[CrossRef]

 60. Eng C, Kramer CK, Zinman B, Retnakaran R. Glucagon-like peptide-1 receptor agonist and basal insulin combination 
treatment for the management of type 2 diabetes: a systematic review and meta-analysis. Lancet 2014;384: 2228–34. 
[Medline]  [CrossRef]

 61. Davies MJ, Aroda VR, Collins BS, Gabbay RA, Green J, Maruthur NM, et al. Management of Hyperglycemia in Type 2 
Diabetes, 2022. A Consensus Report by the American Diabetes Association (ADA) and the European Association for the 

Clin Pediatr Endocrinol

http://www.ncbi.nlm.nih.gov/pubmed/24151290?dopt=Abstract
http://dx.doi.org/10.1210/jc.2013-2350
http://www.ncbi.nlm.nih.gov/pubmed/29220530?dopt=Abstract
http://dx.doi.org/10.1210/jc.2017-01958
http://www.ncbi.nlm.nih.gov/pubmed/28657375?dopt=Abstract
http://dx.doi.org/10.1080/01443615.2017.1318840
http://www.ncbi.nlm.nih.gov/pubmed/20488910?dopt=Abstract
http://dx.doi.org/10.1136/bmj.c2181
http://www.ncbi.nlm.nih.gov/pubmed/9793597?dopt=Abstract
http://dx.doi.org/10.1345/aph.17360
http://www.ncbi.nlm.nih.gov/pubmed/17392540?dopt=Abstract
http://dx.doi.org/10.2337/dc06-1554
http://www.ncbi.nlm.nih.gov/pubmed/17145742?dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa066224
http://www.ncbi.nlm.nih.gov/pubmed/17098089?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(06)69705-5
http://www.ncbi.nlm.nih.gov/pubmed/33984333?dopt=Abstract
http://dx.doi.org/10.1016/j.jpeds.2021.05.009
http://www.ncbi.nlm.nih.gov/pubmed/33354917?dopt=Abstract
http://dx.doi.org/10.1111/obr.13177
http://www.ncbi.nlm.nih.gov/pubmed/28854085?dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1616011
http://www.ncbi.nlm.nih.gov/pubmed/28178390?dopt=Abstract
http://dx.doi.org/10.1111/jdi.12644
http://www.ncbi.nlm.nih.gov/pubmed/27470878?dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.116.021887
http://www.ncbi.nlm.nih.gov/pubmed/31456521?dopt=Abstract
http://dx.doi.org/10.2174/1568026619666190828161409
http://www.ncbi.nlm.nih.gov/pubmed/23463735?dopt=Abstract
http://dx.doi.org/10.1002/dmrr.2403
http://www.ncbi.nlm.nih.gov/pubmed/26246672?dopt=Abstract
http://dx.doi.org/10.2337/diaclin.32.1.4
http://www.ncbi.nlm.nih.gov/pubmed/24393758?dopt=Abstract
http://dx.doi.org/10.3810/pgm.2014.01.2731
http://www.ncbi.nlm.nih.gov/pubmed/28605608?dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1611925
http://www.ncbi.nlm.nih.gov/pubmed/32364674?dopt=Abstract
http://dx.doi.org/10.1111/dom.14075
http://www.ncbi.nlm.nih.gov/pubmed/31813092?dopt=Abstract
http://dx.doi.org/10.1007/s13300-019-00728-6
http://www.ncbi.nlm.nih.gov/pubmed/28919061?dopt=Abstract
http://dx.doi.org/10.1016/S2213-8587(17)30308-X
http://www.ncbi.nlm.nih.gov/pubmed/4808635?dopt=Abstract
http://dx.doi.org/10.1172/JCI107537
http://www.ncbi.nlm.nih.gov/pubmed/26059706?dopt=Abstract
http://dx.doi.org/10.1016/j.tem.2015.05.011
http://www.ncbi.nlm.nih.gov/pubmed/17848652?dopt=Abstract
http://dx.doi.org/10.1001/jama.298.10.1180
http://www.ncbi.nlm.nih.gov/pubmed/29171139?dopt=Abstract
http://dx.doi.org/10.1111/pedi.12616
http://www.ncbi.nlm.nih.gov/pubmed/34779087?dopt=Abstract
http://dx.doi.org/10.1111/pedi.13279
http://www.ncbi.nlm.nih.gov/pubmed/25220191?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(14)61335-0


Urakami

136

doi: 10.1297/cpe.32.2023-0007

Study of Diabetes (EASD). Diabetes Care 2022;45: 2753–86. [Medline]  [CrossRef]
 62. Olaogun I, Farag M, Hamid P. The Pathophysiology of Type 2 Diabetes Mellitus in Non-obese Individuals: An Overview 

of the Current Understanding. Cureus 2020;12: e7614. [Medline]
 63. Fukushima M, Usami M, Ikeda M, Nakai Y, Taniguchi A, Matsuura T, et al. Insulin secretion and insulin sensitivity at 

different stages of glucose tolerance: a cross-sectional study of Japanese type 2 diabetes. Metabolism 2004;53: 831–5. 
[Medline]  [CrossRef]

 64. Tripathy D, Carlsson M, Almgren P, Isomaa B, Taskinen MR, Tuomi T, et al. Insulin secretion and insulin sensitivity in 
relation to glucose tolerance: lessons from the Botnia Study. Diabetes 2000;49: 975–80. [Medline]  [CrossRef]

 65. Bouchi R, Kondo T, Ohta Y, Goto A, Tanaka D, Satoh H, et al. JDS Committee on Consensus Statement Development. A 
consensus statement from the Japan Diabetes Society: A proposed algorithm for pharmacotherapy in people with type 2 
diabetes. J Diabetes Investig 2023;14: 151–64. [Medline]  [CrossRef]

Clin Pediatr EndocrinolClin Pediatr Endocrinol

http://www.ncbi.nlm.nih.gov/pubmed/36148880?dopt=Abstract
http://dx.doi.org/10.2337/dci22-0034
http://www.ncbi.nlm.nih.gov/pubmed/32399348?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15254872?dopt=Abstract
http://dx.doi.org/10.1016/j.metabol.2004.02.012
http://www.ncbi.nlm.nih.gov/pubmed/10866050?dopt=Abstract
http://dx.doi.org/10.2337/diabetes.49.6.975
http://www.ncbi.nlm.nih.gov/pubmed/36562245?dopt=Abstract
http://dx.doi.org/10.1111/jdi.13960

