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ABSTRACT

The upward trajectory of childhood and adolescent type 2 diabetes (T2D; youth-onset T2D) is a global health issue, dispropor-
tionately affecting non-white, ethnically diverse, and socioeconomically disadvantaged subgroups. Youth-onset T2D displays a

more aggressive phenotype, with faster disease progression and earlier onset of severe complications when compared to adult-

onset T2D. Despite this, the therapeutic options for the management of youth-onset T2D have historically been limited. Over the

last few years, multiple new therapies across a range of drug classes, including glucagon-like peptide-1 receptor agonists

(GLP-1 RAs) and sodium-glucose cotransporter-2 (SGLT-2) inhibitors, have been approved for use in youth-onset T2D. Despite

this, patient recruitment to pediatric and adolescent trials remains a major challenge in youth-onset T2D, and there is currently a

lack of large-scale, long-term clinical evidence for new treatment classes in this patient population. In this review, we provide an

overview of the current treatment landscape in youth-onset T2D and summarize the available clinical data for SGLT-2 inhibitors

in patients with youth-onset T2D, based on a targeted literature search.

1 | Introduction

The global rise in childhood and adolescent obesity has resulted in
an increased incidence and prevalence of type 2 diabetes (T2D) in
children and adolescents [1-3], with the increase even more pro-
nounced in non-white, ethnically diverse subgroups [3-5]. In 2021,
there were ~41,600 new cases of childhood and adolescent T2D
worldwide, with the highest incidence in China, India, and the
United States [6]. Between 2002 and 2012, the incidence of T2D
in the United States increased by ~4.8% annually, with the greatest
increases observed in Native Americans (8.9%), Asian or Pacific
Islanders (8.5%), and non-Hispanic Blacks (6.3%) [7]. These
increasing incidence rates resulted in ~28,000 patients with T2D
under the age of 20 years in the United States by 2017 [8]. Obesity,
increased adiposity, and Native American, Black, Hispanic, or

Southern Asian heritage are the major risk factors for youth-onset
T2D, with an estimated 85% of patients in North America either
overweight or obese at diagnosis [9, 10]. With the continued rise of
obesity and its consequent metabolic derangements, the incidence
of T2D in young people in the United States is projected to surge by
700% between 2017 and 2060 [8], presenting a substantial health
and economic burden if not addressed. In this review, childhood
and adolescent T2D will be referred to as youth-onset T2D.

Youth-onset obesity and T2D are associated with an increased risk
and earlier onset of serious long-term health complications, such
as retinopathy, nephropathy, cardiovascular disease, and meta-
bolic dysfunction-associated steatotic liver disease (MASLD)
[9, 11-13]. Furthermore, increased exposure to stressful life events
and adverse social determinants of health (SDOH), such as low
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household income, poor caregiver education, and food insecurity,
are known to correlate with impaired quality of life and an ele-
vated incidence of psychological problems, including depression,
in patients with youth-onset T2D [14, 15]. Youth-onset T2D is
associated with excess mortality such that patients with T2D
aged <30 years have been shown to have a significant mortality
excess and increased risk of death when compared to age-matched
patients with type 1 diabetes [16, 17]. The increasing incidence of
youth-onset T2D worldwide, combined with the heightened risk
of serious health complications and death, highlights the urgent
need for effective treatment strategies to combat this disease.

When compared with adult-onset T2D, youth-onset T2D has a
more aggressive clinical course with rapid deterioration in B-cell
function necessitating initiation of insulin therapy. Patients with
youth-onset T2D can experience faster disease progression and
earlier onset of severe complications, including microvascular
and macrovascular complications compared with adult patients
[18-20]. Furthermore, patients with youth-onset T2D have
almost a 50% lower peripheral and hepatic insulin sensitivity
and are typically more insulin resistant than patients with
adult-onset T2D [21-23]. As such, established treatment options
including lifestyle interventions and metformin may not demon-
strate satisfactory glycemic control in patients with youth-onset
T2D.

Until recently, the major challenge in the management of youth-
onset T2D was the lack of treatment options; for nearly 20 years
metformin and insulin were the only approved therapies avail-
able [24, 25]. Metformin was approved for use in patients aged
10 years or older by the Food and Drug Administration (FDA)
in 2000 and prescribed as a first-line oral antidiabetic therapy,
with add-on insulin therapy initiated when glycemic targets were
not met [25]. Now, following the results from randomized clini-
cal trials, new therapeutic agents across different drug classes
have been approved for the treatment of youth-onset T2D in
the United States and Europe, including the injectable
glucagon-like peptide-1 receptor agonists (GLP-1 RAs) liraglu-
tide, exenatide, and dulaglutide [26-28], and the orally active
sodium-—glucose cotransporter-2 (SGLT-2) inhibitors dapagliflo-
zin and empagliflozin [29-31].

Despite multiple phase 3 studies assessing the efficacy and safety
of new therapies in patients with youth-onset T2D, challenges in
patient recruitment make performing such trials extremely diffi-
cult [32]. Moreover, while GLP-1 RAs and SGLT-2 inhibitors
have shown significant cardiovascular and renal benefits in
adults with diabetes [33-38], there is a lack of large-scale, long-
term phase 3 trials assessing these outcomes in young individuals
with diabetes. As such, long-term clinical data for GLP-1 RAs and
SGLT-2 inhibitors in this population are limited, meaning clin-
icians often must rely on efficacy and safety data regarding car-
diovascular and renal outcomes from adult patients. Discussing
the cardiovascular and renal benefits of GLP-1 RAs in adults with
T2D is beyond the scope of this review; however, a recent meta-
analysis of randomized-placebo-controlled trials conducted by
Rivera and colleagues reports cardiovascular and renal outcomes
of GLP-1 RAs in adults with and without T2D [39]. In this review,
we summarize the current treatment landscape for youth-onset
T2D, examining the advantages and disadvantages of various
treatments, and evaluate the clinical evidence for SGLT-2 inhi-
bitors in this patient population.

2 | Current Treatment Landscape for the
Management of Youth-Onset T2D

The management of T2D in patients under 18 years of age is com-
plex, requiring a combination of healthy lifestyle changes and phar-
macologic intervention. Currently, international treatment
guidelines from the American Diabetes Association (ADA), Euro-
pean Association for the Study of Diabetes (EASD), and Interna-
tional Society for Pediatric and Adolescent Diabetes (ISPAD)
recommend metformin as the first-line therapy for the manage-
ment of youth-onset T2D [24, 40, 41]. Add-on insulin therapy is
recommended in patients who are metabolically unstable (hemo-
globin Alc [HbAlc] >8.5%) at diagnosis or for whom metformin
alone does not provide glycemic control [20]. The Treatment
Options for type 2 Diabetes in Adolescents and Youth (TODAY)
and Restoring Insulin Secretion (RISE) trials highlighted the need
for improved treatments in patients with youth-onset T2D. The
TODAY trial demonstrated that metformin only provided effective
glycemic control in half of the participants, while in neither trial
were metformin nor insulin able to effectively slow the accelerated
decline in p-cell function [42-46].

Between 2019 and 2023, three injectable GLP-1 RAs were approved
for use in children aged 10 years or older, either alone or in combi-
nation with metformin and/or insulin, by the FDA and European
Medicines Agency (EMA). Once-daily subcutaneous liraglutide was
approved for the treatment of youth-onset T2D by both the FDA
and EMA in 2019 [26], followed by approval of once-weekly sub-
cutaneous exenatide by the FDA in 2021 and the EMA in 2022 [27].
More recently, once-weekly subcutaneous dulaglutide was
approved for use in youth-onset T2D by the FDA in 2022 and the
EMA in 2023 [28, 47, 48], and once-weekly tirzepatide was
approved by the FDA in 2025 [49, 50]. However, GLP-1 RAs have
been associated with an increased frequency of gastrointestinal side
effects, including abdominal discomfort, nausea, vomiting, and
diarrhea [20, 27, 28, 51]. Despite there currently being a lack of
research into adherence to recently approved injectable therapies
in youth-onset T2D, there are well- known adherence issues asso-
ciated with injectable insulin in young patients, thus highlighting
the need for new and effective oral therapies in this population [25,
52, 53].

Given the known association between increasing childhood obesity
and T2D, weight management treatments have an important role in
the current treatment landscape in this indication. In the
SURPASS-PEDS trial, tirzepatide treatment resulted in significant
reductions in body mass index (BMI) of adolescents aged 10 to <18
years with youth-onset T2D. Patients treated with 5 mg tirzepatide
for 30 weeks achieved a 7.4% reduction in BMI over 30 weeks
(11.2% for 10 mg tirzepatide) versus 0.4% for placebo (p=
0.0001/p <0.0001 respectively) [49]. These doses were also associ-
ated with a significantly greater mean reduction in body weight of
—6.8%/—10.5% (+0.4% for placebo) at Week 30. While not yet
approved for the treatment of youth-onset T2D, once-weekly sema-
glutide has demonstrated clinically relevant decreases in BMI and
body weight in adolescents (12 to <18 years of age) with obesity
[54]. Semaglutide resulted in a mean change in BMI from baseline
to Week 68 of —16.1% compared to + 0.6% for placebo, resulting in a
statistically significant treatment difference of —16.7% (p <0.001).
Furthermore, the treatment difference for semaglutide versus pla-
cebo in absolute change in body weight from baseline was —17.7 kg
(a relative change of —17.4%) at Week 68 [54]. In 2019, oral
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Mechanism of action of SGLT-2 inhibitors. SGLT-2 is predominantly expressed in the proximal convoluted tubule and is responsible for

~90% of renal glucose reabsorption [64]. SGLT-2 inhibitors such as dapagliflozin and empagliflozin reduce glucose reabsorption in the kidneys and result

in increased glucose excretion in the urine [63]. ATPase: adenosine triphosphatase; GLUT2: glucose transporter 2; K*: potassium; Na™: sodium; SGLT-2:

sodium-glucose cotransporter-2.

semaglutide was the first orally active GLP-1 RA approved for the
treatment of adults with T2D by the FDA [55]. The ongoing
PIONEER TEENS trial is currently assessing the efficacy and safety
of oral semaglutide in patients aged 10-18 years with T2D [56].

The orally active SGLT-2 inhibitors dapagliflozin and empagliflozin
have also been approved for the treatment of youth-onset T2D by
both the EMA and FDA [29, 30, 57-60]. The currently available
clinical efficacy and safety data for these SGLT-2 inhibitors in the
treatment of youth-onset T2D are discussed in detail below.

3 | The Role of SGLT-2 Inhibitors in the
Management of T2D

3.1 | Mechanism of Action

The kidney is responsible for the filtration and reabsorption of
circulating glucose [61]. In T2D, the threshold of renal glucose
reabsorption is increased to a plasma glucose concentration of

>200 mg/dL, leading to reduced urinary glucose excretion, which
contributes to the hyperglycemia [62, 63]. These changes in renal
glucose reabsorption are primarily attributed to the increased
expression and/or activity of SGLT-2, a high-capacity transporter
predominantly expressed in the proximal renal tubule and respon-
sible for the majority of glucose reabsorption in the kidneys [64—66].
SGLT-2 inhibitors are a new class of antihyperglycemic drugs that
reduce reabsorption of glucose in the kidneys, lower the renal
threshold for glucose, and increase glucose excretion in the urine
by inhibiting the action of this transporter [63]. An overview of the
mechanism of action of SGLT-2 inhibitors is provided in Figure 1.

3.2 | SGLT-2 Inhibitors in the Management of T2D
in Adults

SGLT-2 inhibitors are well-established in the treatment of adult-
onset T2D, with dapagliflozin and empagliflozin demonstrating
efficacy in improving glycemic control in numerous clinical trials,
both as monotherapies and add-on therapies. In phase 2b and
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3 trials, mean HbAlc was reduced by —0.82% to —0.89% in adults
treated with 10 mg dapagliflozin [67-69], and —0.50% to —0.82% in
adults treated with 10 mg empagliflozin [70-73]. Furthermore, for
both dapagliflozin and empagliflozin, patients achieved significant
reductions in body weight [69, 71-74], and have also demonstrated
improved cardiorenal outcomes in adult patients with and without
T2D [33, 35, 75].

In patients with chronic kidney disease, with or without T2D, those
treated with dapagliflozin had a reduced risk of the primary com-
posite outcome of a sustained decline in the estimated glomerular
filtration rate of at least 50%, end-stage kidney disease, or death
from renal or cardiovascular causes than those receiving placebo
(9.2% versus 14.5%) [34]. Incident or worsening nephropathy has
also been shown to be less frequent with empagliflozin treatment
when compared to placebo in patients with T2D (12.7% versus
18.8%) [76].

As a result of these positive results from randomized clinical trials,
dapagliflozin and empagliflozin have been approved by the EMA
and FDA for the treatment of T2D with and without established
cardiovascular disease, heart failure, and chronic kidney disease in
adults [57-60]. The substantial and robust evidence of both cardio-
vascular and renal benefits of SGLT-2 inhibitors in adults has fur-
ther led to their recommendation in current clinical practice
guidelines, especially for patients facing high risks of complications
[77, 78]. However, given the aforementioned accelerated trajectory
of early-onset diabetes, established clinical efficacy from trials in
adult-onset T2D cannot necessarily be extrapolated to younger
patients.

4 | Clinical Efficacy and Safety of SGLT-2 Inhibitors
in the Treatment of Youth-Onset T2D

Due to the difficulties in recruiting pediatric and adolescent
patients in sufficiently high numbers, performing studies to assess
the efficacy and safety of new treatments in youth-onset T2D can
prove extremely challenging [32]. Here, we have performed a tar-
geted literature search to identify clinical trials examining the effi-
cacy and safety of SGLT-2 inhibitors in the treatment of youth-
onset T2D.

A search of PubMed was conducted on 12 December 2024 to iden-
tify clinical trials assessing the efficacy and safety of SGLT-2 inhi-
bitors in the treatment of youth-onset T2D (patients <18 years of
age), using the search term ((type 2 diabetes) OR (type 2 diabetes
mellitus)) AND ((sodium—glucose co-transporter-2 inhibitor) OR
(sodium-glucose cotransporter-2 inhibitor) OR (SGLT-2 inhibitor)
OR (SGLT-2 inhibitor) OR (empagliflozin) OR (dapagliflozin))
AND ((youth) OR (paediatric) OR (pediatric) OR (children) OR
(adolescent) OR (childhood) OR (child) OR (newborn) OR (infant)
OR (preschool)). Table 1 provides an overview of clinical trials of
SGLT-2 inhibitors in the treatment of youth-onset T2D and their
outcomes.

4.1 | Clinical Trials of SGLT-2 Inhibitors in Youth-
Onset T2D

To date, there have been three pivotal phase 3 placebo-controlled
studies that have assessed the efficacy and safety of SGLT-2 inhibi-
tors in the treatment of youth-onset T2D [29-31]. In two of these

trials, DINAMO and T2NOW, another class of oral therapy, dipep-
tidyl peptidase-4 [DPP-4] inhibitors, were used as an active com-
parator [30, 31]. DPP-4 inhibitors act by inhibiting the enzyme that
inactivates incretin hormones, thereby increasing endogenous
levels of active GLP-1 and resulting in increased insulin secretion
and reduced glucagon secretion [20]. Despite being well-established
in the treatment of adult-onset T2D, DPP-4 inhibitors have demon-
strated limited or no efficacy in patients with youth-onset T2D in
the DINAMO, T2NOW, and other randomized clinical trials
[30, 31, 79-81]. As such, DPP-4 inhibitors have not been approved
for the treatment of youth-onset T2D and will not be discussed in
detail in this review.

The T2GO (NCT02725593) trial assessed dapagliflozin or placebo as
add-on therapy in children and young adults aged 10-24 years of
age with T2D receiving standard of care (metformin alone, insulin
alone, or metformin plus insulin) [29]. Overall, 53 children (10—
17 years of age) and 19 young adults (18-24 years of age) partici-
pated in the trial. Of those aged 10-17 years, 29/53 were randomly
assigned to receive once-daily oral dapagliflozin 10 mg, and 24/53 to
placebo.

The DINAMO (NCT03429543) trial assessed empagliflozin or lina-
gliptin (a DPP-4 inhibitor) versus placebo in children 10-17 years of
age with T2D previously treated with metformin, insulin, or met-
formin with insulin [30]. Of the 158 randomized patients,
157 patients received treatment: 52 were treated with once-daily
oral empagliflozin 10mg, 52 were treated with linagliptin 5mg,
and 53 were treated with placebo.

More recently, the T2NOW (NCT03199053) trial assessed dapagli-
flozin or saxagliptin (a DPP-4 inhibitor) versus placebo in patients
10-17 years of age with T2D receiving metformin, insulin, or met-
formin plus insulin [31]. The trial included 245 patients, of which 81
were randomized to receive once-daily oral dapagliflozin 5 mg, 88
to saxagliptin 2.5mg, and 76 to placebo.

4.2 | Clinical Efficacy of SGLT-2 Inhibitors

Dapagliflozin and empagliflozin have both demonstrated signifi-
cant improvements in glycemic control in patients with youth-
onset T2D. In the T2GO phase 3 study, there was no significant
difference between dapagliflozin and placebo for the primary end-
point of adjusted mean change from baseline in HbAlc at Week 24
in the intent-to-treat population. However, in a prespecified sensi-
tivity analysis of protocol-compliant participants, dapagliflozin
demonstrated a clinically relevant decrease in HbAlc compared
to placebo at Week 24 (adjusted mean change from baseline in
HbA1lc: —0.51% for dapagliflozin and +0.62% for placebo, resulting
in a mean treatment difference of —1.13% [p =0.012] in favor of
dapagliflozin) [29]. In the T2NOW phase 3 study, dapagliflozin, but
not saxagliptin, showed significant improvement in glycemic con-
trol compared with placebo. In patients 10-17 years of age with
T2D, the adjusted mean change at Week 26 from baseline in HbAlc
for dapagliflozin versus placebo was —1.03% (p <0.001), whereas
for saxagliptin it was —0.44% (p =0.078) [31]. Similarly, in the
DINAMO phase 3 study, empagliflozin demonstrated a clinically
relevant and statistically significant lowering in HbAlc compared
to placebo, while linagliptin did not. Empagliflozin achieved the
primary endpoint of adjusted mean HbAlc change from baseline at
Week 26 versus placebo (—0.84%; p = 0.012), whereas linagliptin
did not (—0.34%; p=0.29) [30]. However, unlike the results
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reported in adults [71-74], neither dapagliflozin nor empagliflozin
demonstrated notable reductions in body weight in patients under
18 years of age [29-31]. These results reflect the normal increases
in growth and development that occur in individuals under 18
years of age, particularly in those who have undergone puberty.
Despite this, given that youth-onset obesity is a major risk factor
for early-onset T2D and the associated long-term health compli-
cations, it is clinically important that clinicians also provide
weight management strategies when treating T2D in patients
under 18 years old.

Adjusted mean change in fasting plasma glucose (FPG) was a key
secondary endpoint in the T2GO, DINAMO, and T2NOW phase 3
trials. Across all the studies, treatment with SGLT-2 inhibitors
resulted in numerical reductions in FPG when compared to placebo
(Table 1) [29-31]. At Week 26 in the T2NOW trial, a difference in
FPG of -19.5mg/dL (p = 0.024) was reported between dapagliflo-
zin and placebo [31]. Similarly, in the DINAMO trial, empagliflozin
demonstrated a clinically relevant difference in FPG of —35.2 mg/dL
at Week 26 versus placebo, whereas linagliptin did not (-5.4 mg/dL)
[30]. Despite the T2GO trial reporting a difference in FPG of
-14.1 mg/dL at Week 24 between the dapagliflozin and placebo
groups, this was due to FPG values increasing in the placebo group,
as by Week 24 FPG concentrations had returned to baseline values
in the dapagliflozin group [29].

As discussed earlier, SGLT-2 inhibitors have demonstrated positive
cardiovascular and renal outcomes in adult patients with and with-
out T2D [33-35, 75, 76]. However, it is currently not known
whether these benefits will be replicated in patients under 18 years
of age. The DOUBLE PRO-TECT trial is currently recruiting
patients with Alport syndrome aged 10-39 years to assess the ben-
efits of dapagliflozin in young patients with chronic kidney disease
[82, 83].

4.3 | Safety and Tolerability of SGLT-2 Inhibitors

Overall, dapagliflozin and empagliflozin have been demonstrated
to be well tolerated in patients with youth-onset T2D after 52 weeks
of treatment, with a safety profile generally comparable to studies in
adult patients. Hypoglycemia was a commonly reported adverse
event for patients with youth-onset T2D receiving SGLT-2 inhibi-
tors over 52 weeks in the T2GO, DINAMO, and T2NOW phase 3
trials (dapagliflozin: 33.3% [T2GO], 29.6% [T2NOW]; empagliflo-
zin: 19.3% [DINAMOY]) [29-31]. Hypoglycemia was, in general, less
frequently reported in adult patients with T2D treated with dapa-
gliflozin or empagliflozin, occurring in ~5% of patients [67-69, 71,
73, 74, 84]. Haring and colleagues did, however, report hypoglyce-
mia in up to 16.1% of adult patients treated with empagliflozin as an
add-on therapy to metformin plus sulfonylurea [72]. Across the
T2GO and T2NOW trials, severe hypoglycemia occurred in three
(7.7%; T2GO) and four (4.9%; T2NOW) patients receiving dapagli-
flozin, whereas no cases of severe hypoglycemia requiring assis-
tance were reported following empagliflozin treatment in the
DINAMO trial [29-31]. Furthermore, the occurrence of hypoglyce-
mic events in patients receiving dapagliflozin was more common in
those participants also treated with insulin. In T2GO, 10 out of the
13 patients that experienced hypoglycemia were also receiving insu-
lin, while in T2NOW, all patients who experienced severe hypogly-
cemia were also being treated with insulin. Incidence rates of
genital infections in youth-onset T2D have been demonstrated to

be comparable to adults following treatment with SGLT-2 inhi-
bitors, occurring in ~5%-10% of patients in both populations
[30, 31, 67-69, 71-73, 84]|. However, in the T2GO trial, one
female patient had to discontinue dapagliflozin treatment due
to a genital infection [29].

In a real-world clinical setting euglycemic diabetic ketoacidosis is a
common concern with SGLT-2 inhibitor treatment. A recent sys-
tematic review and network meta-analysis of randomized con-
trolled clinical trials assessed the risk of diabetic ketoacidosis
with the use of active antidiabetic drugs in adults with T2D. The
study by Yang and colleagues revealed that SGLT-2 inhibitors and
other antidiabetic drugs were not associated with an increased risk
of diabetic ketoacidosis when compared to placebo [85]. Similarly,
across the T2GO, DINAMO, and T2NOW phase 3 trials, there was
only one reported case of diabetic ketoacidosis associated with
SGLT-2 inhibitor treatment [29-31]. At Week 52, 1 (1.2%) patient
receiving dapagliflozin in the T2NOW study reported diabetic
ketoacidosis, with the number of reported cases of diabetic ketoa-
cidosis similarly low in both the saxagliptin (0) and placebo (1
[1.3%]) treatment arms. The reported incidence of diabetic ketoa-
cidosis in patients with youth-onset T2D following treatment with
dapagliflozin and empagliflozin is comparable with studies in adult
patients [33, 34, 75, 76]. However, these data were collected in the
controlled environment of randomized clinical trials, where
patients are carefully monitored, which is not necessarily the case
in real-world clinical practice. As such, clinicians still need to be
cautious when prescribing SGLT-2 inhibitors for patients with T2D
with a history of diabetic ketoacidosis and counsel their patients
regarding the risks associated with diabetic euglycemic ketoacido-
sis. The accurate clinical distinction between early-onset T2D and
diabetes with underlying genetic causes (maturity-onset diabetes of
the young [MODY] and latent autoimmune diabetes [LADA]) is of
particular importance, with reports of heightened risks of diabetic
ketoacidosis and acute kidney injury reported in some patients with
these conditions treated with SGLT-2 inhibitors following misdiag-
nosis of early-onset T2D [86, 87].

Currently, studies into the long-term effects of SGLT-2 inhibitor
treatment in patients under 18 years of age are limited. Of the phase
3 studies that have evaluated the efficacy and safety of dapagliflozin
and empagliflozin in youth-onset T2D, only the T2NOW study
included a 52-week nontreatment follow-up period that assessed
measures of growth and maturity, Tanner staging, markers of bone
health, and safety following the withdrawal of dapagliflozin or
saxagliptin in this patient population [88]. The follow-up period
demonstrated that prior treatment with dapagliflozin or saxagliptin
for 52 weeks did not raise any safety concerns relating to height,
weight, BMI, Tanner staging, growth and maturation markers,
bone biomarkers, or adverse events up to 1 year after treatment.
However, further studies are required to fully understand the long-
term efficacy and safety of SGLT-2 inhibitors in patients with
youth-onset T2D and given the chronic nature of the condition,
will give valuable insight into whether the efficacy and safety sig-
nals observed to date in this population are sustained with contin-
ued use.

As a result of these positive results from the T2GO, DINAMO, and
T2NOW phase 3 clinical trials, dapagliflozin and empagliflozin
have both been approved for use in patients with youth-onset
T2D. In 2022, dapagliflozin was the first orally active treatment
since metformin to be approved by the EMA for use in patients
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aged 10 years or older [29, 57]. The FDA subsequently approved
dapagliflozin for use in youth-onset T2D in 2024 [59]. Empagliflo-
zin was approved for the treatment of youth-onset T2D in patients
aged 10 years and above by both the FDA and EMA in 2023 [30, 58,
60]. In December 2024, the FDA approved canagliflozin for use in
patients aged 10 years or older with T2D [89]; however, at the time
of publication, canagliflozin is not approved for use in youth-onset
T2D by the EMA [90]. At the time of writing, the results of the
completed study assessing the efficacy and safety of canagliflozin in
patients aged 10-17 years with T2D (NCT03170518) have not yet
been published, and as such have not been discussed in this
review [91].

5 | Current Challenges in the Management of
Youth-Onset T2D

As described above, substantial improvements have been made in
the treatment landscape for youth-onset T2D over recent years,
with the approval of multiple new therapeutic options across a
range of drug classes and several ongoing trials (Table 2) [26-31].
As such, paucity of treatments is no longer an acute challenge in the
management of youth-onset T2D.

Despite the approval of multiple new therapies following phase 3
trials in youth-onset T2D, the well-known challenges in patient
recruitment in pediatric and adolescent studies are still an issue
[32]. Therefore, despite patients under 18 years of age typically
displaying a more aggressive disease phenotype than adult T2D
patients, there is currently not enough clinical data in the former
group to support the same protective effects demonstrated by new
drug classes in adult patients with T2D.

Youth-onset T2D is a global health concern that disproportionately
affects nonwhite, ethnically diverse, and socioeconomically disad-
vantaged subgroups [3-5, 7]. The TODAY trial demonstrated that a
patient’s race or ethnic subgroup had a significant effect on treat-
ment outcome, with metformin monotherapy less effective in non-
Hispanic Blacks (an overall treatment failure rate of 66.2%) when
compared to non-Hispanic whites (an overall treatment failure rate
0f 44.9%, p = 0.01) or Hispanics (an overall treatment failure rate of
44.0%, p <0.001) [42]. For optimal management of T2D, clinicians
therefore need to consider differing response rates to T2D treat-
ments across racial subgroups. However, these racial subgroups are
often underrepresented in phase 3 trials, with many studies not
representative of the populations primarily impacted by T2D.

SDOH are nonmedical factors that influence health outcomes,
including the conditions in which people are born, age, educated,
work and live [97]. A patient’s SDOH can present a major challenge
in the management of youth-onset T2D, impacting both their access
to medication and adherence to treatment. Furthermore, in the
United States, inequalities in insurance can limit a patient’s access
to certain treatments. As such, SDOH can greatly affect the likeli-
hood of a patient achieving treatment goals.

6 | Conclusion

The phase 3 trials of SGLT-2 inhibitors in youth-onset T2D (T2GO,
DINAMO, and T2NOW) have demonstrated the clinical efficacy
and safety of dapagliflozin and empagliflozin in the treatment of

this patient population. Treatment with dapagliflozin and empagli-
flozin resulted in statistically significant and clinically relevant
improvements in glycemic control compared with placebo. How-
ever, in contrast to previous studies of SGLT-2 inhibitors in adults
with T2D, treatment with dapagliflozin and empagliflozin did not
result in significant reductions in body weight in patients with
youth-onset T2D. Overall, SGLT-2 inhibitors were well tolerated
in this patient population, and the safety profile was consistent
with previous studies in adult patients. However, hypoglycemia
was a commonly reported adverse event in patients with youth-
onset T2D, occurring more frequently when compared to adult
patients. These trials indicate that the orally administered
SGLT-2 inhibitors offer an effective treatment option for patients
with youth-onset T2D. Given the known adherence issues with
injectable therapies in this patient population, oral treatments
may have an important role in achieving optimal management
of this disease.

Currently, the evidence for the use of SGLT-2 inhibitors in the
treatment of youth-onset T2D is generated in clinical trials and
may not be reflective of the wider youth-onset T2D patient popula-
tion. Furthermore, despite the recent publication of the 52-week
nontreatment follow-up period of T2NOW, there is currently lim-
ited evidence on the long-term efficacy and safety of SGLT-2 inhi-
bitors in this patient population. Moreover, it remains unknown
whether there are differences in response rates to SGLT-2 inhibitors
across racial subgroups. Further follow-up studies in addition to
real-world evidence are necessary to examine the long-term poten-
tial of SGLT-2 inhibitors in addressing the unmet need for optimal
management of youth-onset T2D and its serious comorbidities.
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