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ABSTRACT  
 
Nearly three decades have passed since the first 
publications on type 2 diabetes (T2D) in children and 
adolescents, and it is now well established as a global 
problem. As the prevalence of obesity continues to 
increase within the general population, diagnosing 
T2D in adolescents presents a multifaceted challenge. 
In this chapter, we shall delve into the epidemiological 
aspects, as well as the distinct characteristics inherent 
to various types of diabetes. Cohort studies with long-
term follow-ups have illuminated our understanding of 
the alarming incidence of complications in adolescents 
diagnosed with T2D. Recent approvals of novel 
pharmaceutical interventions for teenagers have 
ushered in a new era of hope. Hopefully, in the 
forthcoming decade, we anticipate a decline in the 
prevalence of these complications. However, in the 
interim, a proactive and assertive approach remains 
essential for addressing the complications associated 
with T2D in adolescents.  
 
SHORT HISTORY 
 
Youth-onset type 2 diabetes (T2D) was initially 
described in Pima Indian children and adolescents (1). 
This tribe, also known as “the pathfinders,” has a 
notable history of obesity and early-onset diabetes. In 
the mid-nineties, studies from various clinics in the 
United States reported cases of T2D in children from 

diverse ethnic backgrounds, primarily non-Hispanic 
Blacks and Hispanics (2-4). While these reports were 
initially met with suspicion, it soon became clear that a 
new disease had emerged among children. 
Subsequently, similar reports emerged from various 
parts of the world. In 2000, the SEARCH for Diabetes 
Study was launched in the US. This prospective 
nationwide, multi-center study aimed at understanding 
the epidemiology of both type 1 diabetes (T1D) and 
T2D in children. A few years later, in 2004, the 
Treatment Options for Type 2 Diabetes in Adolescents 
and Youth (TODAY) study was initiated. The TODAY 
study was a prospective, randomized treatment trial, 
designed to explore treatment regimens and the 
clinical course of T2D in youth. Registries from 
Germany, Diabetes Prospective Follow-up Registry 
(DPV) (5), Hong Kong (6), China (7), India (Registry of 
People with Diabetes with Youth Age at Onset (YDR)) 
(8) and Israel (9), contributed to the current 
knowledge. Importantly, while the US is leading in the 
scope of the T2D epidemic, similar trends have been 
observed worldwide. 

 
EPIDEMIOLOGY 
 
Epidemiology in the USA 
 
According to the most recent data from the SEARCH 
study published in 2023, the adjusted incidence of 
T2DM among children and adolescents nearly 
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doubled, from 9.0 to 17.9 cases per 100,000 persons 
per year, from 2002-03 to 2017-18 (10).  
 
EPIDEMIOLOGY ACCORDING TO ETHNICITY 
 
The incidence of T2D varies largely based on 
ethnicity, the highest incidence of T2D, 50.1 per 
100,000 children age 10-20 years, was recorded in 
non-Hispanic Blacks, followed by Pima Indians (46), 
Hispanics (25.8), and Asian/Pacific Islanders (16.6). 
Among non-Hispanic Whites, the incidence is only 5.5 
per 100,000. An annual increase was observed in all 
groups, but the highest increase was observed in 
Asian/Pacific Islanders (8.92%), followed by 7.17% in 
Hispanics and 5.99% in non-Hispanic Blacks, 
compared to 1.83% in non-Hispanic Whites.  
 
EPIDEMIOLOGY ACCORDING TO GENDER AND 
AGE 
 
The current incidence in females is 21.6 per 100,000 
and in males 14.2; the temporal increase was similar 
in both genders. The incidence increases with age. 
One of the most remarkable findings in the SEARCH 
study is that among individuals 15-19 years of age, the 
incidence of T2D in 2017-2018 exceeded that of T1D 
(19.7 vs. 14.6 per 100,000). This is the first time the 
incidence of T2D surpassed that of T1D among youth, 
sounding alarming for other countries, which may 
have a lower incidence than the USA, but are showing 
steady increases.  
 
 
 
 
 

Epidemiology in Europe 
 
Although the overall incidence of T2D in Europe is 
much lower than in the US, a similar change over time 
has been reported. In Germany, a three-fold increase 
in the prevalence of T2D was reported for 10- to 19-
year-olds between 2002 and 2020 (3.4 to 10.8 per 
100,000) (5). Similar to the US, the estimated 
standardized prevalence of T2D was 1.4 times higher 
among girls (12.8) than boys (9.0). In the UK, the 
number of children registered as having T2D and 
being treated in pediatric diabetes units has risen by 
more than 50% in the past five years (11). 
 
Epidemiology in Asia 
 
Data retrieved from the Hong Kong Childhood 
Diabetes Registry revealed a threefold increase in 
T2D in children, from 1.27 per 100,000 in 1997-2007 
to 3.42 per 100,000 in 2008-2018 (6). Data from China 
demonstrated an average annual increase of 26.6% in 
youth aged 10-19 years (12). There was no 
statistically significant difference in incidence between 
boys and girls. However, the risk of T2D was 1.49 
times higher in urban areas than in rural areas.  
 
RISK FACTORS FOR T2D IN CHILDREN 
 
The increased risk of developing T2D in children is 
associated with genetics, an obesogenic environment, 
and obesity, along with the interactions among these 
factors (Figure 1). This visual representation 
emphasizes the multifaceted nature of risk factors for 
T2D in children and adolescents, illustrating the 
intricate connections between genetics, 
environmental factors, obesity, and the eventual 
development of T2D. 
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Figure 1. Risk Factors for T2D in Children and Adolescents. Risk factors for T2D in children and 
adolescents can be visualized as a series of interconnected circles, illustrating the complex interplay of 
various influences:  
Environment (Outer Circle): The outermost circle represents the broader environmental factors that 
encompass everything from the intrauterine environment to residential neighborhood.  
Genetics (Second Circle): Within the environment circle, genetics forms an important inner circle. It 
signifies the genetic predisposition that some individuals may have towards developing obesity and, 
consequently, T2D.  
Obesity (Third Circle): Nested within the genetics circle is the obesity circle. It is influenced by multiple 
factors such as immigration, sedentary lifestyle, diet, microbiome, medication use, depression, and 
abuse. Of note, not everyone exposed to the obesogenic environment will become obese, indicating the 
influence of other factors.  
Type 2 Diabetes (Innermost Circle): The innermost circle represents the development of T2D. 
Importantly, not all obese individuals will go on to develop early-onset T2D, highlighting the complexity 
of these interrelated risk factors. 
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Obesity 
 
Severe obesity stands out as one of the most 
significant risk factors for youth-onset of T2D. Obesity 
is closely linked to the worsening of insulin resistance, 
a primary feature of the pathophysiology of T2D, along 
with progressive β-cell and α-cell dysfunction (13). In 
a recent meta-analysis comprising data from 30 
studies involving 4688 children and adolescents, the 
prevalence of obesity at the time of T2D diagnosis was 
found to be 77 % (95% CI, 71%-83%) (14). Male 
participants exhibited higher odds of obesity than their 
female counterparts (odds ratio, 2.10; 95% CI, 1.3-
3.3). These findings were sustained after several 
sensitivity analyses that excluded studies with 
uncertain or unspecified T2D diagnostic criteria, 
studies involving individuals with positive pancreatic 
autoantibodies, individuals presenting with weight 
loss, or those with genetically proven monogenic 
diabetes. While acknowledging the limitations of using 
BMI-based measures as a surrogate for obesity and 
considering the retrospective nature of the included 
studies, these data suggest that approximately 20-
25% of adolescents with diabetes but without obesity 
may still have T2D. Furthermore, the definition of 
obesity needs to consider body composition variations 
among certain populations, such as East Asian and 
South Asian populations. 
 
Family History of T2D 
 
Most adolescents with T2D have a family member with 
the disease. In the TODAY study, 59.6% of 
adolescents with T2D had a first-degree family 
member with a history of diabetes, and 89% had a 
grandparent affected with diabetes (15). This 
increased risk of T2D associated with family history 
reflects genetic influences, the impact of the 
environment, and the intrauterine environment. 
 

Maternal Obesity and Maternal T2D During 
Pregnancy 
 
Exposure to maternal obesity has been linked to an 
increased risk of childhood obesity in offspring (16) 
and 2.8-fold higher odds of T2D. Exposure to maternal 
gestational diabetes was associated with 5.7-fold 
higher odds of T2D (17). Moreover, individuals 
exposed to maternal diabetes during pregnancy were 
diagnosed with diabetes at a younger age and 
exhibited worse β-cell function. Exposure in utero to 
maternal diabetes and obesity accounted for 47% of 
the T2D risk in this population (17,18), and, 
importantly, it sets up a vicious cycle for future 
generations. Suggested mechanisms affecting the 
developmental programming of offspring towards T2D 
include epigenetic modifications, alterations in stem 
cell differentiation, variation in the metabolome and 
microbiome, and immune dysregulation (19). Of note, 
assisted reproductive technology was not found to be 
a risk factor for early-onset T2D (20). 
 
Pregnancies complicated by pre-existing diabetes are 
associated with extreme birth weights. In a large 
study, small for gestational age (SGA) babies, defined 
as below the 10th percentile for birth weight, were 
reported in 14.1% of pregnancies of women with T2D, 
while 26.2% had newborns with a large birth weight, 
defined as above the 90th percentile (21). Both SGA 
and high birth weight are associated with an increased 
risk of a history of early-onset T2D among adults. Of 
note, a lower birthweight was associated with an 
increased risk of developing T2D independently of 
adult BMI and the genetic risk of T2D (22). 
 
Pregnancies complicated by pre-existing diabetes are 
associated with preterm delivery and birth weight 
extremes. In a national cohort study involving over 4 
million singletons born in Sweden from 1973 to 2014, 
preterm birth (occurring before 37 weeks) was 
associated with a 1.3-fold increased risk of developing 
T2D before age 18 years (23). Notably, the 
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association between preterm birth and T2D was 
significantly stronger among females (23). 
 
Mental Health and Treatment 
 
The association between psychiatric disorders in 
adolescents and T2D is bidirectional, complex, and 
not well studied in the pediatric population (24). On the 
one hand, youth with chronic illnesses such as obesity 
are more likely to develop depression, depressive 
symptoms, and anxiety than those without chronic 
illnesses. On the other hand, youth who have mental 
health morbidities are at increased risk for isolation, 
sedentary lifestyle, weight gain, and the development 
of T2D. Furthermore, some psychotropic medications, 
particularly atypical antipsychotics, are associated 
with weight gain and increased risk for T2D in adults. 
These associations have not been systematically 
studied in youth, but clinical experience suggests a 
contribution. 
 
Immigration  
 
Globally, immigration is on the rise. Studies conducted 
among adults have indicated that immigrants, when 
compared to non-immigrants, exhibit higher rates of 
obesity, insulin-resistance, and hypertension. In a 
recent review (25)  focusing on European countries, 
non-European migrant children face a greater risk of 
being overweight or obese compared to their native 
counterparts; the prevalence of obesity in migrant and 
native children ranged from 1.2 to 15.4% and from 0.6 

to 11.6%, respectively. The increased rates of 
overweight and obesity among migrating children and 
adolescents render them more  susceptible to 
developing T2D and other metabolic abnormalities. 
An  Israeli study found that among adolescents of 
Ethiopian origin, the prevalence of overweight and 
obesity increased two-and-a-half fold and fourfold  in 
males and females, respectively, during the study 
period, compared to a 1.5-fold increase among native 
Israeli-born males and females (26). 
 
Socioeconomic Status 
 
A discernible disparity exists in the socioeconomic 
status (SES) of children and adolescents with T2D. In 
developed countries, such as the United States, low 
SES is a recognized risk factor for the development of 
obesity and T2D. This is attributed to factors such as 
limited access to healthy foods and reduced physical 
inactivity. However, in developing countries, higher 
SES groups tend to have greater levels of physical 
inactivity and consume higher quantities of fat, salt, 
and processed foods compared to their lower SES 
counterparts (Figure 2). When data from 384 youth 
with T2D who completed a baseline research visit as 
part of the SEARCH study and 227 youth with T2D 
from the Registry of People with Diabetes with Youth 
Age at Onset (YDR) in India who completed a baseline 
visit were compared, only 23.6% of SEARCH youth 
belonged to a high SES group, in contrast to 88.5% of 
YDR youths (P < .001) (8). 
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Figure 2. Global Disparities in Type 2 Diabetes Risk Factors. This illustrative figure offers insights into 
the diversity in risk factors for T2D among children across the world. It highlights how these risk factors 
vary across different regions and populations. 
 
Gender Disparities (Upper Part of Figure): In many Western countries, the risk of developing T2D in 
children is higher in girls compared to boys. However, this pattern is not consistent globally. In other 
parts of the world, an equal or even higher risk of T2D has been documented in males. The upper portion 
of the figure visually represents these variations in risk, depicting the female-to-male ratios in different 
regions. 
 
Socioeconomic Status (SES) Variation: (Lower Part of Figure) SES plays a significant role in T2D risk. In 
Western countries, lower SES is associated with an increased risk of T2D in children. Conversely, in 
developing countries, a contrary trend is observed, with a higher risk of T2D observed in populations 
with higher SES. These complex socioeconomic variations are highlighted in the figure, showcasing 
how T2D risk is influenced by economic factors on a global scale. 
 
Data from 747 children and youths with T2D under 19 
years of age, collected between 2009 and 2016 (from 
the population-based National Pediatric Diabetes 
Audit, covering over >95% of diabetes cases in 
England and Wales), revealed that under half of those 
with T2D reside in the most disadvantaged areas of 
England and Wales, and 41% fall into the most 
disadvantaged SES quintile (27). In contrast, in China, 

in Zhejiang, one of the most economically prosperous 
coastal provinces marked by industrialization and 
urbanization, changes in diet and decreased physical 
activity have led to a higher incidence of pediatric 
obesity. The mean annual incidence was 2.32 per 
100,000 person-years in urban area compared with 
1.44 in urban and rural area (12). 
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COVID-19 Pandemic 
 
In a study conducted in the United States, the 
incidence of T2DM at 24 diabetes centers during the 
first year of the COVID-19 pandemic was examined 
(28). The average number of new diagnoses per year 
in the two years before the pandemic was 825 but rose 
to 1463 during the first pandemic year. This increase 
of 77% is significantly higher than the 5% expected 
annual increase in incidence observed in the two 
previous years. Similarly, a retrospective cross-
sectional review of youths (age ≤ 21) diagnosed with 
T2D during the COVID-19 pandemic (from May 1, 
2020, to April 30, 2021) and the five years preceding 
it (from May 1, 2015, to April 30, 2020) at a tertiary 
diabetes center revealed an increase of 293% (29).  
 

Similar trends were reported from Germany (30). Data 
on T2D in adolescents during 2 years of the COVID-
19 pandemic (2020–2021) were compared with the 
control period 2011–2019 in children aged 6 to <18 
years were obtained from the DPV (German Diabetes 
Prospective Follow-up) Registry. The incidence of 
youth-onset T2D increased from 0.75 per 100,000 
patient-years in 2011 to 1.25 per 100,000 in 2019, an 
annual increase of 6.8%. However, in 2021, the 
observed incidence was 1.95, significantly higher than 
expected. Of note, the observed incidence was 
significantly higher in boys (2.16), leading to a reversal 
of the sex ratio of pediatric T2D incidence (30).  
 
The surge in T2D incidence during the pandemic can 
be attributed to several factors. First, there was an 
increase in obesity among young people during the 
COVID-19 pandemic, accompanied by increased 
consumption of processed foods and reduced physical 
activity, both of which contribute to the risk of 
developing T2D (31). In addition, there was increased 
psychosocial stress, which is emerging as an 
important contributor to the risk of T2D. Furthermore, 
viral mediated non-autoimmune β-cell destruction, 
resulting in reduced β-cell function in predisposed 
adolescents, has been suggested as a contributing  

factor (28).     
 
Genetics 
 
The genetics of T2D in children and adolescents have 
largely remained unexplored. ProDiGY is a multiethnic 
collaboration encompassing three studies (TODAY, 
SEARCH, and T2D-GENES) involving 3,006 youth 
subjects with T2D, diagnosed at a mean age of 
15.1±2.9 years, along with 6,061 diabetes-free adult 
control subjects. Association analyses were 
conducted on approximately 10 million imputed 
variants, employing a generalized linear mixed model 
incorporating a genetic relationship matrix to account 
for population structure. The analysis was further 
adjusted for sex. This comprehensive study identified 
seven genome-wide significant loci that included a 
novel locus in PHF2, along with TCF7L2, MC4R, 
CDC123, KCNQ1, IGF2BP2, and SLC16A11. A 
secondary analysis involving 856 diabetes-free youth 
subjects uncovered an additional locus in CPEB2, and 
consistent directional effects for diabetes risk were 
observed (32). 
 
CLINICAL PRESENTATION 
 
Diabetes Related Signs 
 
The classical signs at the onset of diabetes - 
polydipsia and polyuria - are observed in about two-
thirds of youth at the diagnosis of T2D. Only about 
one-third are diagnosed through routine screening of 
asymptomatic youth with obesity. Furthermore, the 
prevalence of diabetic ketoacidosis (DKA) among 
youth with T2D in the SEARCH study and the YDR in 
India was 5.5% and 6.6%, respectively. Importantly, 
the incidence of DKA at the onset of T2D was higher 
during the SARS-CoV-2 pandemic (33). 
Hyperglycemic hyperosmolar state is present at 
diagnosis in 2% of youth with T2D (34).   
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Seasonal Diagnosis of T2D 
 
There is significant seasonal variation in the onset of 
T2D in children and young people in the United 
States; diagnoses increased in August. Possible 
explanations for an August peak in diagnoses include 
weight gain during the summer vacation and an 
increase in physical exams for school athletic 
programs that may detect asymptomatic 
hyperglycemia. The greater proportion of diagnoses 
made during routine health visits rather than following 
symptoms is consistent with this latter possibility. 
Similar seasonal variations in incidence are 
beginning to emerge in other countries. 
 
Age of Onset of T2D 
 
The incidence of T2D rises gradually during puberty, 
primarily due to the physiological insulin resistance 
characteristic of this period. However, illustrating the 
heterogeneity of T2D in children and adolescents, 
there was a significant difference between the mean 
age of onset of youth in the United States (Pediatric 

Diabetes Consortium, PDC) databases who were 
diagnosed at the mean age of 12 years compared to 
the mean age in Germany of 13 years (35).  
 
PREPUBERTAL T2D 
 
With the worldwide epidemic of childhood obesity on 
the rise, there are increasing reports of T2D occurring 
in prepubertal children. Initially, there were case 
reports on prepubertal children with T2D, including 
cases from Nigeria (36), and a 5-year-old Indigenous 
girl from Australia (37). Lately, several reports have 
described the onset of T2D in prepubertal children. A 
total of 42 children ≤ 10 years with T2DM were 
reported from Alabama (38), 12 from Australia (39), 35 
prepubertal children from Houston, Texas (40), from 
San Antonio, Texas (41) and India (42). The common 
denominator of all reports of prepubertal children is 
extreme obesity, with a disproportionate impact on 
females and ethnic minorities as shown in Table 1. 
Additionally, there is a high prevalence of 
comorbidities.  
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Table 1. Characteristics of Prepubertal Children Diagnosed with T2D 
 San 

Antonio, 
Texas  
N=20 

Alabama, 
US 
N=42 

Australia 
N=12 

Houston, 
Texas. 
N=35 

Chennai, Tamil 
Nadu India 
N=4 

Age, years 
Range 

8.1 
4-9 

  
7-10 

10.6± 2.5  

5-8 10 8    
9-10 10 34    
Ethnicity Hispanic 

80% 
African 
American 
88(%) 
 Caucasian 
12% 

Aboriginal 
Australians 92 
Maori 8 

 Hispanic 71 
Black 23 
Non 
Hispanic 
White 3% 

India 

Females (%) 75 88 75 51 100 
BMI Z score 2.72 

(1.7-5.0) 
2.5 ± 0.4 2.38± 0.64 2.4±0.4 >97%ile 

Hypertension (%) NA 21 25 14  
Dyslipidemia 
 

NA 58 58% 100  

NAFLD NA   20  
Microalbuminuria NA  16.6 5  

 
These reports suggest that there are unique features and pathophysiologic drivers distinct from the influence of 
pubertal hormones, which are often implicated in the mechanism underlying T2D in older children and 
adolescents. Furthermore, the emergence of T2D in prepubertal children and the high prevalence of 
comorbidities among them serve as a warning for an impending public health challenge.  
 
Sex 
 
In the Western world, youth-onset T2D is almost twice 
as common in girls as in boys, whereas Asian 
countries report no differences in incidence by sex. 
For T2D, SEARCH had a higher proportion of females, 
while studies from China show no difference between 
females and males, and there are reports of increased 
prevalence in males in the Middle East; in the UAE 
(43), the female to male ratio was 0.5:1, in Iraq (44) 
0.6:1, and Kuwait (45) 0.8:1 (Figure 2). This may 
reflect the higher prevalence of obesity in males in 
these countries (46). Indeed, in the UAE, among 
children aged 11 to 14 years, the prevalence of obesity 

was reported as 24.3% and extreme obesity (BMI 
≥99th percentile) as 5.7%; the rate of extreme obesity 
was 9.6-fold higher in boys than girls (47). In Kuwait, 
41.4% of boys were classified as obese, compared to 
28.9% of girls of the same age (46). 
 
DIAGNOSIS 
 
Early diagnosis of T2D is likely to bring several 
benefits, enabling prompt multifactorial treatment and 
management of cardiovascular risk factors. 

Considering the increasing prevalence of T2D among 
children and adolescents, clinical symptoms have 
become less distinct, and age, sex, and weight are no 
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longer definitive criteria for a clear diagnosis. 
Therefore, the most important diagnostic feature is the 
presence or absence of pancreatic autoantibodies in 
any child diagnosed with hyperglycemia; positive 
antibodies indicate T1D even if the child is overweight 
or has a family history of T2D. If the antibodies are 
negative, a genetic test for monogenic diabetes 
(previously referred to as Maturity-Onset Diabetes of 
the Young (MODY) should be considered if available. 
 
TREATMENT 
 
Initial treatment for T2D includes a focus on lifestyle 
changes, including healthy diet, increasing regular 
physical activity, achieving weight loss, and receiving 
emotional support. While lifestyle change is 
recommended as a practical approach, there is limited 
evidence that lifestyle intervention alone has a 
sustained impact on glycemic control in youth with 
T2D (48).  
 
The Impact of Lifestyle Changes 
 
The impact of lifestyle intervention, as determined by 
changes in diet and cardiovascular fitness, on 
glycemic control in youth with T2D was assessed in 
the TODAY clinical trial cohort spanning 15 centers 
across the United States.  The study included 699 
youth aged 10 to 17 years with T2D for less than 
2 years. Those participants randomly assigned to the 
lifestyle intervention participated in a family-based 
behavioral program aimed at promoting weight loss. 
Each family was assigned a dedicated leader 
responsible for guiding them through their journey of 
physical activity and nutrition improvement. The 

intervention was structured across three stages, 
initially there were weekly meetings for 6 to 8 months, 
focusing on physical activity, setting individual calorie 
intake goals, self-monitoring, and problem-solving. In 
the subsequent stage, biweekly meetings were held 
for 12 to 16 months. Lastly, meetings were held 
monthly for 24 to 28 months, concentrating on 
maintaining a healthy lifestyle. Dietary data were 
collected through an interviewer-administered food 
frequency questionnaire, and cardiovascular fitness 
was assessed using a submaximal cycle ergometer 
test at baseline, 6 months, and 24 months (49). At 
6 months, approximately 25% of females and 33% of 
males improved cardiovascular fitness. The authors 
concluded that a minority of youth improved fitness 
and/or diet over time, although those who did showed 
a beneficial impact on glycemic outcomes. However, 
the positive lifestyle behavior changes did not persist 
after 24 months, providing a sobering perspective on 
the challenges of implementing lasting lifestyle 
changes in this population.  
 
Pharmacotherapy 
 
The beginning of the third decade of the 21st century 
will be marked by the introduction of novel medications 
for children with T2D. There are several groups of 
medications for T2D, biguanides, sulfonylureas, GLP1 
receptor agonists, SGLT2 inhibitors, dipeptidyl 
peptidase inhibitors, and combinations of the dual 
incretin analogs and the new triple G agents (dual 
incretin and glucagon). However, only biguanides, 
GLP1 receptor agonists, and SGLT2 inhibitors are 
currently FDA-approved for children. Doses and 
modes of administration are presented in Table 2. 
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Table 2. FDA-Approved Medications for Treating Type 2 Diabetes in Children Aged 10 Years and 
Older 
Biguanide Metformin  Glucophage p.o daily 850, 1000. up 

to 3000 day 

 
GLP receptor 
agonist 

Liraglutide Victoza s.c. daily 0.6mg  
1.2mg 
 1.8mg 

 
Exenatide Bydureon s.c weekly 2 mg 

 
Dulaglutide  Trulicity s.c weekly 0.75mg/0.5mL 

1.5mg/0.5mL 
3mg/0.5mL 
4.5mg/0.5mL 

 
SGLT2 
inhibitor 

Empagliflozin Jardiance p.o daily 10 mg 
25 mg 

 
Dapagliflozin Forxiga p.o daily 5mg  

10 mg 
 

 
Five randomized control studies assessed the impact of these drugs in children with T2D. The inclusion criteria 
were consistent across all studies and included an age above 10 years, a BMI above the 85th percentile, and 
minor variations in HbA1c levels (between 7.0 and 11.0%, or 6.5% and 10%). The characteristics of the 
participants and outcomes are detailed in Table 3. Figure 3 depicts HbA1c results vs. placebo for each 
medication, and Figure 4 depicts the percent of individuals with HbA1c less than 7% at the end of each study.  
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Table 3. Effects of Various Medications on Glycemic and Anthropometric Parameters in Adolescents 
with Type 2 Diabetes After 26 Weeks of Treatment 
 Liraglutide 

 
Exenatide Dulaglutide 

0.75 mg 
Dulaglutide 
1.5 mg 

Empagliflozin Dapagliflozin Linagliptin Sitagliptin 

 Tx Pl Tx Pl Tx PL Tx PL Tx PL Tx PL Tx Pl Tx Pl 
Number 66 68 59 24 52 51 52 51 52 5 39 33 53 53 95 95 
Age (years) 14.6 14.6 15 16 14.7 14.2 14.7 14.2 14.6 14.4 16.1 14.4 14.6 14.4 14.3 13.7 
Baseline HbA1c 
(%) 

7.9 7.7  8.1  8.1  7.9 8.1 8.2 8.1 8.0  8.05 7.95 7.85 8.05 8.05 7.4 7.6 

HbA1c change -0.64 0.46 -0.36 0.49 -0.6 0.6 -0.9 0.6 -0.17 0.68 -0.25 0.5 0.33 0.68 -0.01 0.18 
HbA1c ETD   1.06 0.85 1.2 1.5 0.84 0.75 0.35 0.19 
% HbA1c <7% 63.7 36.5 48 35.1 55 14 48 14 34.6 24.5 25 4 26.5 24.5 49.5 36.8 
Baseline BMI 
(kg/m2) 

34.6 33.3 36.9 35.4 33.6 34.3 34.3 34.3 35.5 36.1 31.3 33.6 36.5 36.1 0.0 -0.7 

BMI ETD -0.25 -0.21 ND ND -0.2 0 -0.1 0 ND ND -0.08 -0.11 ND ND -0.7 
Weight change 
(kg) 

-2.3 -0.99 -0.59 0.63 0.3 0.1 0.2 0.1 -0.79 -0.04 ND ND 1.42 -0.04 -1.1 0.06 

Weight ETD -1.3 -1.2 0.2 0.1 -0.75  1.46 1.04 
Systolic BP 
ETD  

0.03 -2.9 3.8 2.5 -1.42 1.9 0.91  

Diastolic BP 
ETD 

-1.08 ND -0.8 -2.6 0.02 -0.5 1.5  

Pl=placebo, Tx= treatment, ETD = estimated treatment difference, ND= no data, placebo group for Empagliflozin 
and Linagliptin was the same. 
 

 
Figure 3. Change in HbA1c percentage points in adolescents with T2D under medication treatment 
compared with untreated control group. The differences in HbA1c percentage points from the baseline 
for adolescents diagnosed with T2D who received medication treatment (depicted in black) compared to 
control groups (shown in white with data points). In the medication-treated group, there is a significant 
decrease in HbA1c levels, denoted by the downward trend in the black bars. Conversely, in the control 
groups of all the studies, HbA1c levels increased, as indicated by the upward trend in the white bars 
with data points. 
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Figure 4. HbA1c Levels below 7% in adolescents with T2D. The percentage of adolescents who achieved 
HbA1c levels below 7% at the end of the follow-up period. A comparison is drawn between those treated 
with medication (depicted in black) and the control group (depicted in white).   
 

METFORMIN  
 
Metformin is a biguanide antihyperglycemic used in 
conjunction with diet and exercise to control glycemia. 
Metformin is considered the preferred first-line agent 
for treating T2D in pediatric patients 10 or older (50). 
Its onset of action is around 1.5 hours, and its total 
duration of action is 16-20 hours. Metformin exerts its 
glucose-lowering effect through various mechanisms, 
including inhibiting hepatic gluconeogenesis, 
increasing glucose uptake in skeletal muscles, 
reducing adipogenesis, and activating brown adipose 
tissue, leading to enhanced thermogenesis. 
Additionally, metformin decreases the absorption of 
glucose from the intestine and downregulates 
inflammation.  
 
Although it is the first line of treatment for children and 
adolescents with T2D, prospective, randomized, 
controlled, long-term studies are limited. In a 
randomized control study involving 82 children and 
adolescents, 42 received metformin at doses up to 

2000 mg/day, and 40 received placebo (51). After 16 
weeks, mean HbA1c levels were lower in the 
metformin group compared to the placebo (7.5% and 
8.6%, respectively). The metformin group also 
experienced a mean weight decrease of -1.5 kg 
compared with a mean increase of 0.9 kg in the 
placebo group. The mean BMI changed by -0.5 units 
in the treatment group vs. -0.4 units in the placebo 
group. In another study, metformin (500–1000 mg 
twice daily) was compared to glimepiride, a 
sulfonylurea (1–8 mg once daily), for 24 weeks (52). 
Both metformin (-0.71%) and glimepiride (-0.54%) 
groups showed significant reductions from baseline 
HbA1c levels. A total of 48.1% of metformin-treated 
and 42.4% of glimepride-treated participants achieved 
HbA1c levels below 7.0% at week 24. While the 
incidence of hypoglycemia was similar in both groups, 
metformin resulted in less weight gain compared to 
glimepiride. In a large observational study (53), 927 
youth aged 13.7±2.0 years old, who had been 
diagnosed with T2D for a median of 2 months and had 
a baseline HbA1c of 7.7±2.2%, were treated with 
metformin. After a median of 71 days, the mean 
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HbA1c change was -1.33, and the mean weight 
change -0.43 kg (53,54).  
 
Metformin-related side effects are gastrointestinal, 
including diarrhea, abdominal pain, bloating, nausea, 
and decreased appetite, which occur in about 50% of 
users. Gastrointestinal side effects are usually 
transient and improve over time. Another potential 
side effect of metformin is vitamin B12 deficiency, and 
regular monitoring is indicated, though no cases of 
vitamin B12 deficiency were identified in the TODAY 
study. Lactic acidosis is a concerning side effect 
associated with metformin use in adults. It occurs in 
the presence of hypoperfusion or hypoxemia; 
however, it has rarely been reported in children and 
adolescents.  
 
GLUCAGON-LIKE-PEPTIDE 1 (GLP1)  
 
Glucagon-like peptide-1 (GLP-1) is a peptide hormone 
primarily produced by intestinal enteroendocrine cells 
at low basal levels that rapidly increases within 
minutes of food consumption. GLP-1 plays a vital role 
in regulating meal-related glycemic excursions by 
enhancing insulin secretion and inhibiting glucagon 
secretion. Additionally, GLP-1 slows gastric emptying 
and reduces food intake through a central effect on 
appetite, which contributes to weight loss. However, 
GLP-1 has a short half-life of approximately 2 minutes, 
as it is rapidly degraded by dipeptidyl peptidase-
4 (DPP-4). To enhance GLP-1 activity, medications 
such as DPP-4 inhibitors and GLP-1 receptor agonists 
have been developed. 
 
The story of the development of GLP1 agonists is truly 
fascinating. It begins with the venomous Gila monster 
(Heloderma suspectum), native to New Mexico and 
Arizona. H. suspectum, a long-lived and reclusive 
species, spends a significant portion of its life 
underground. Although its venomous bite causes pain 
and weakness, it is rarely fatal to adult humans. In 
1990, endocrinologist Dr. John Eng, while analyzing 
the venom to identify new hormones, identified a 

peptide named exendin-4. He discovered that 
exendin-4 had a remarkable ability to stimulate the 
synthesis and release of insulin from β-cells in the 
pancreas. Interestingly, exendin-4 closely resembled 
GLP-1. However, while GLP-1 remains active for 
about two minutes, the effect of exendin-4 persists for 
several hours. Preclinical studies demonstrated that a 
single daily injection of exendin-4 normalized blood 
glucose concentrations in mice with diabetes. 
Following extensive clinical testing, exenatide, an 
analog of exendin-4, was found to be safe and 
effective, leading to its FDA approval for adults in 
2005.  
 
Of note, in a 2-year rat carcinogenicity study involving 
prolonged-release exenatide, an increased incidence 
of thyroid adenoma and C-cell carcinoma was 
observed at doses ≥2-fold the human systemic 
exposure. The clinical relevance of these adverse 
findings is currently unknown. However, GLP-1 
analogs are contraindicated in patients with a personal 
or family history of medullary thyroid carcinoma (MTC) 
or in patients with multiple endocrine neoplasia type 2 
(MEN 2), as well as in patients with a serious 
hypersensitivity reaction. Patients should be 
counseled about the potential risk of MTC associated 
with the GLP1 receptor agonists, and it is important to 
inform them about the symptoms that may indicate 
thyroid tumors, such as a neck mass, dysphagia, 
dyspnea, and persistent hoarseness. Routine 
monitoring of serum calcitonin levels or use of thyroid 
ultrasound for the detection of MTC is of uncertain 
value. 
 
Side effects include serious hypersensitivity reactions, 
including anaphylactic reactions and angioedema. 
Additionally, acute pancreatitis, including fatal and 
nonfatal hemorrhagic or necrotizing pancreatitis, and 
the acute onset of gallbladder disease, such as 
cholelithiasis or cholecystitis, have been reported in 
GLP-1 receptor agonists trials and post-marketing 
surveys (55). 
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Liraglutide-Victoza®  
 
Children aged 10 to less than 17 years with T2D were 
randomly assigned 1:1 to receive subcutaneous 
liraglutide (up to 1.8 mg per day) or placebo for a 26-
week double-blind period, followed by a 26-week 
open-label extension (56). At the 26-week visit, the 
mean HbA1c had decreased by 0.64 percentage 
points with liraglutide and increased by 0.42 
percentage points with placebo, resulting in an 
estimated treatment difference of -1.06 percentage 
points. By 52 weeks, the difference had increased to -
1.30 percentage points (Table 3). In the liraglutide 
group, 63.7% of patients achieved HbA1c levels of 
less than 7.0%, compared with 36.5% in the placebo 
group. On the other hand, there was no statistical 
benefit of liraglutide over placebo in lowering BMI or 
blood pressure (Table 3). The overall rate of adverse 
events, including gastrointestinal adverse events, was 
higher among patients receiving liraglutide. The U.S. 
Food and Drug Administration approved liraglutide 
injection for the treatment of pediatric patients 10 
years of age or older with T2D. Liraglutide was the first 
non-insulin drug approved to treat T2D in pediatric 
patients since metformin was approved for pediatric 
use in 2000.  
 
Mode of administration: The recommended initial dose 
is 0.6 mg subcutaneously once daily for the first week, 
followed by an increase to 1.2 mg once daily. It’s 
important to note that the initial dose of 0.6 mg once 
daily is primarily intended to mitigate gastrointestinal 
adverse effects and does not provide glycemic control. 
If adequate glycemic control is not achieved, the dose 
can be further increased to 1.8 mg once daily. 
 
Exenatide-Bydureon   
 
The effectiveness of once-weekly exenatide 2 mg 
(Bydureon AstraZeneca) in youth with suboptimally 
controlled T2D was evaluated (57). At 24 weeks, 
exenatide demonstrated superiority over the placebo 
in reducing HbA1c levels (a decrease of -0.36% with 

exenatide compared to +0.49% with placebo), 
resulting in a significant between-group difference of 
0.85 percentage points. Notably, no major 
hypoglycemic events were reported. and the most 
frequently reported adverse events included 
gastrointestinal symptoms such as nausea, diarrhea, 
and vomiting, along with injection site reactions such 
as pruritus, erythema, and nodules. Clinically 
meaningful differences were not observed in change 
from baseline in BMI Z score, body weight, or waist 
circumference, nor were there significant differences 
in blood pressure. The prolonged-release suspension 
of exenatide administered via injection with a pre-filled 
pen has received approval from the European Union 
and the FDA for the treatment of T2DM in children and 
adolescents aged 10 years and older. 
 
Mode of administration: Bydureon (2 mg per dose) 
should be administered once every 7 days. The dose 
can be administered at any time of day, with or without 
meals. Bydureon is not recommended as first-line 
therapy for patients with inadequate glycemic control 
on diet and exercise because of the uncertain 
relevance of the rat thyroid C-cell tumor findings to 
humans. 
 
Dulaglutide-Trulicity  
 
Dulaglutide (Trulicity) is a GLP-1 receptor agonist 
administered via subcutaneous injections once a 
week. In a randomized, double-blind, phase 3 trial 
involving youth with inadequately controlled T2DM, 
the efficacy and safety of dulaglutide treatment in 
reducing HbA1c levels at 26 weeks were assessed 
(58). Remarkably, there was 99% adherence to 
treatment in this trial. Treatment resulted in a 
significant reduction in HbA1c relative to placebo; at 
week 26, HbA1c decreased by 0.8 percentage points 
but increased by 0.6 percentage points in the placebo 
group (1.4 percentage point difference). 
Gastrointestinal symptoms were among the most 
common adverse events, but they were primarily mild 
and were most likely to occur soon after the initiation 
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of therapy. There were no clinically meaningful 
differences in the incidence or annual rate of 
hypoglycemia between the dulaglutide groups and the 
placebo group. Body weight did not decrease 
significantly following treatment. 
 
Mode of administration: The recommended initiating 
dose of Trulicity is 0.75 mg once weekly, administered 
subcutaneously. The dose may be increased to 1.5 
mg once a week for additional glycemic control. 
Trulicity can be administered any time of day, with or 
without meals, and should be injected subcutaneously 
in the abdomen, thigh, or upper arm. The day of 
weekly administration can be changed, if necessary, 
as long as the last dose was administered 3 days (72 
hours) or more before. Trulicity and insulin should not 
be mixed in the same syringe and must be 
administered as two separate injections at two 
different injection sites. 
 
SODIUM-GLUCOSE TRANSPORT PROTEIN 2 - 
SGLT2 INHIBITORS 
 
Sodium-glucose transport protein 2 (SGLT2) inhibitors 
belong to a class of medications that modulate 
sodium-glucose transport proteins in the nephron. 
These inhibitors primarily target the SGLT2 proteins, 
expressed in the renal proximal convoluted tubules, to 
reduce the reabsorption of filtered glucose and sodium 
(59). Apart from their role in controlling glucose 
concentrations, SGLT2 inhibitors have demonstrated 
substantial cardiovascular benefits, particularly 
reducing heart failure events, for adults with T2D. In 
adults, the FDA-approved indications for SGLT2 
inhibitors include the reduction of major adverse 
cardiovascular events in individuals with T2D and 
established cardiovascular disease, as well as the 
reduction of the risk of eGFR decline in patients with 
chronic kidney disease at risk of progression. The 
most common reported adverse events associated 
with SGLT2 inhibitors include female genital mycotic 
infections, urinary tract infections (including urosepsis 
and pyelonephritis), as well as nausea and 

constipation. Most importantly, SGLT2 inhibitors are 
associated with an almost three-fold increased risk for 
DKA in adults. The risk for DKA is highest for 
canagliflozin, followed by empagliflozin and 
dapagliflozin. Furthermore, individuals may develop 
euglycemic DKA, i.e., a triad of increased anion gap 
acidosis, ketosis, and a serum glucose level below 
250 mg/dL. The association between SGLT-2 
inhibitors and euglycemic DKA appears to be 
secondary to their noninsulin-dependent glucose 
clearance, compensatory hyperglucagonemia, and 
volume depletion. Currently, euglycemic DKA has not 
been reported among youth with T2D taking SLGT2 
inhibitors. 
 
Empagliflozin - Jardiance®  
 
A total of 105 children and adolescents were randomly 
assigned 1:1 to receive empagliflozin 10 mg or 
placebo (60). The adjusted mean change in HbA1c 
from baseline at week 26 was significantly greater in 
the empagliflozin group (–0·84%). Changes in body 
weight and blood pressure did not reach statistical 
significance. Adverse events occurred in 64% of 
participants in the placebo group and 77% in the 
empagliflozin group up to week 26, including severe 
adverse events in 4% of participants in the placebo 
group and 2% in the empagliflozin group. Mild and 
moderate hypoglycemia were the most frequently 
reported adverse events, with higher rates for those 
on active drug treatment compared with placebo; no 
severe hypoglycemic events were reported, and there 
were no episodes of DKA or necrotizing fasciitis 
associated with empagliflozin treatment. An increased 
incidence of bone fractures has been reported in 
adults, leading the American Diabetes Association to 
recommend avoiding SGLT-2 inhibitors in patients 
with a risk factor for fractures. Furthermore, SGLT2 
inhibitors are not recommended for glycemic lowering 
in patients with T2D with an eGFR less than 30 
mL/min/1.73 m2.  
 
Mode of administration: Empagliflozin is an oral 
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medication dosed at either 10 mg daily or 25 mg daily. 
The recommended dose is 10 mg once daily in the 
morning, taken with or without food. If tolerated 
initially, dosing may increase up to 25 mg.   
 
Dapagliflozin - Farxiga®  
 
Participants aged 10–24 years with T2D and HbA1c 
concentrations ranging from 6.5 to 11% were given 
oral dapagliflozin 10 mg or placebo during a 24-week 
double-blind period (61); 39 participants were 
assigned to dapagliflozin and 33 were assigned to 
placebo. After 24 weeks, the mean change in HbA1c 
concentration was −0·25% for dapagliflozin and 
0·50% for the placebo group; the between-group 
difference was −0·75%, which did not reach statistical 
significance. However, in a sub-analysis, excluding 
participants with poor compliance, the HbA1c change 
was -0.51%, while it was 0.62% for the placebo group, 
resulting in a between group significant difference of 
1.13%.  
 
Adverse events occurred in 69% of participants 
assigned to dapagliflozin and 58% of those assigned 
to placebo over a 24-week period. Over 52 weeks, 
adverse events occurred in 74% of participants who 
received dapagliflozin. Hypoglycemia was noted in 
28% of participants assigned to dapagliflozin and in 
18% of those assigned to placebo, none were 
considered serious adverse events. Notably, there 
were no reported episodes of DKA.  
 
Mode of administration: To improve glycemic control 
the recommended starting dose is 5 mg once daily, 
taken in the morning. Increase dose to 10 mg once 
daily in patients tolerating 5 mg who require additional 
glycemic control. Dapagliflozin is not recommended 
for use in patients receiving loop diuretics or who are 
volume depleted, e.g., due to acute illness (such as 
gastrointestinal illness). 
 
 

DIPEPTIDYL PEPTIDASE 4 (DPP 4) INHIBITORS 
 
DPP-4 is a ubiquitous enzyme that degrades GLP-1 
and GIP (gastric inhibitory peptide), resulting in a short 
half-life. By inhibiting the DPP-4 enzyme, DPP-4 
inhibitors increase the levels of GLP-1 and GIP. This, 
in turn, enhances beta-cell insulin secretion, thus 
reducing postprandial and fasting hyperglycemia (62).  
 
Linagliptin (Tradjenta) 
 
105 children and adolescents were randomly assigned 
1:1 to oral linagliptin (5mg daily) or placebo (60).  The 
adjusted mean HbA1c change from baseline at week 
26 was 0.33% for linagliptin and 0·68% for the placebo 
group; the difference was not statistically or clinically 
significant. None of the adverse events of special 
interest occurred with DPP-4 inhibitors, such as 
hypersensitivity reactions, angioedema, angioedema-
like events and anaphylaxis, skin lesions, pancreatitis, 
or hepatic injury, were present. Linagliptin is not 
approved for adolescents with T2D (60).  
 
Sitagliptin (Januvia) 
 
A total of 190 children and adolescents were randomly 
assigned 1:1 to oral sitagliptin 100 mg daily or placebo 
(63). The adjusted mean change in HbA1c from 
baseline at week 20 was -0.01% for sitagliptin and 
0·18% for the placebo group, resulting in a between-
group difference of 0.19%, which was not significant. 
There was no significant difference in the percentage 
of participants with HbA1c below 7%, with 49.5% in 
the sitagliptin group and 36.8% in the placebo group. 
Notably, after 54 weeks, the HbA1c in the sitagliptin 
group decreased from 7.4% at baseline to 7.1%. 
Sitagliptin is not approved for adolescents with T2D 
(50). 
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ANTI-OBESITY PHARMACOTHERAPY FOR 
TREATMENT OF PEDIATRIC TYPE 2 DIABETES  
 
As obesity is a significant risk factor for the 
development of T2D, the American Diabetes 
Association (ADA) recommends the use of anti-
obesity medications as adjuvant therapy for adults 
with both T2D and overweight/obesity. In adults, 
adding anti-obesity medications to a diabetes regimen 
can improve glycemic control, reduce weight, and 
decrease the use of anti-diabetes medication (64). 
Semaglutide and tirzepatide have shown promise in 
reducing weight in adults with obesity and T2DM 
compared to liraglutide (65). Tirzepatide is a novel 
dual glucose-dependent insulinotropic polypeptide 
(GIP) and GLP-1 receptor agonist. A study to evaluate 
tirzepatide in pediatric and adolescent participants 
with T2D, who are inadequately controlled with 
metformin, or basal Insulin, or both (SURPASS-
PEDS) is currently ongoing. 
 
Liraglutide 3.0mg/day  
 
A higher dose of liraglutide of 3.0 mg/day (Saxenda®) 
is FDA-approved for obesity in youth aged 12 years 
and older who weigh ≥ 60kg or have an initial BMI ≥ 
30kg/m2. The Satiety and Clinical Adipose-Liraglutide 
Evidence Trial in Adolescents with and without T2D 
(SCALE-Teens) was a double-blind, placebo-
controlled RCT that randomized 251 adolescents to 
either liraglutide 3.0 mg/day or placebo. However, only 
two adolescents with T2D were enrolled. 
Consequently, no conclusive findings can be drawn 
regarding the impact of high-dose liraglutide on 
reducing BMI and improving HbA1c in young 
individuals with T2D. Since almost all adolescents 
with  T2DM have overweight or obesity and could 
potentially meet the prescribing criteria, it is 
reasonable to speculate that the results might 
resemble those observed in adult trials for T2D, 
potentially leading to reductions in weight and BMI as 
well as improvements in hyperglycemia. 
 

Semaglutide 2.4mg Weekly 
 
Semaglutide in its once-weekly injectable GLP-1RA 
form at doses up to 2.4 mg weekly (Wegovy®) has 
shown significant weight loss in obese children and 
has now been approved for treatment of obesity in 
adolescents aged 12 years and older (66). The mean 
change in BMI from baseline to week 68 was −16.1% 
with semaglutide and 0.6% with placebo. Of note, 
HbA1c decreased 0.4 percentage points in the 
treatment group compared with 0.1 in the placebo. 
However, the impact on youth with T2D has not yet 
been studied. 
 
Semaglutide injection up to 2.0 mg (Ozempic®) and 
oral semaglutide up to 14 mg (Rybelsus®) are 
approved for adults with T2D, but studies in youth with 
T2D have not yet been reported. 
 
SUMMARY: WHICH TREATMENT DO I 
RECOMMEND TO MY PATIENT?  
 
The answer to this pivotal question hinges on the art 
of personalized medicine. First, it is crucial to 
recognize that 50% of youth with T2D can maintain 
good glycemic control on metformin monotherapy, 
making this agent still an excellent choice for initial 
therapy. However, several measures can predict the 
likelihood of glycemic deterioration, including 
decreased insulin secretion, impaired insulin 
processing (elevated proinsulin/insulin ratio), and 
HbA1c concentration after a few months on 
monotherapy. Longitudinally, a rising proinsulin and 
an increase in HbA1c of more than 0.5 percentage 
points over any 6-month period are predictive of loss 
of glycemic control on monotherapy (67).  
 
If these parameters suggest a risk for deterioration, 
the next step is to consider the therapeutic 
objective(s). Is it primarily elevated HbA1c? If so, the 
best approach may involve selecting a medication 
known for its efficacy in reducing HbA1c. Is obesity the 
central concern for the patient? In such cases, 
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exploring pharmaceutical interventions tailored for 
weight management may be prudent. Does the 
individual have concerns about needle-based 
treatments? In such instances, favoring orally 
administered medications could offer a more suitable 
solution. If there is an elevated risk of cardiac or renal 
complications, it would be wise to consider options 
from the SGLT2 inhibitor group or GLP1 agonist 
group. In essence, treatment needs to be tailored to 
the unique needs and circumstances of each 
individual, ensuring that treatment decisions align with 
their specific health challenges and objectives. 
 
BARIATRIC SURGERY  
 
Weight reduction plays a crucial role in the 
management of T2D because weight loss is 
associated with improved insulin resistance and 
glycemic status. Considering the limited efficacy of 
lifestyle and pharmacologic interventions in treating 
severe obesity and obesity-related T2D, along with the 
remarkable weight reduction and remission of T2D 
observed in youth who undergo bariatric surgery the 
ADA recommends considering bariatric surgery for 
adolescents with T2D who have a BMI >35 kg/m2 (68). 
The two most common bariatric surgeries performed 
in adolescents with T2D are laparoscopic sleeve 
gastrectomy (LSG) and laparoscopic Roux-en-Y 
gastric bypass (LRYGB). 
 
Impact of Bariatric Surgery on Glycemic Control 
 
Studies have demonstrated improvement in HbA1c 
across all age groups. In one study, sixty-four pediatric 
patients diagnosed with morbid obesity and T2D 
underwent LSG surgery. The patients’ ages ranged 
from 5 to 14 years old. Their BMI decreased from 
44.6±9.3 to 34.8 ± 9.6 kg/m2.Their HbA1c decreased 
from 6.0±0.8% prior to LSG surgery to 5.4±0.4%, 12 
months post-surgery, a change of 10.9% (p = 0.001) 
(69).  There was no significant difference in post-
operative HbA1c between the age groups. 
 

Impact of Bariatric Surgery on T2D Remission 
 
Bariatric surgery in adolescents with T2D has a better 
outcome compared to medical treatment with 
metformin alone or in combination with rosiglitazone 
or intensive lifestyle intervention with insulin therapy 
given for glycemic progression (70). In a multicenter, 
nonrandomized, retrospective study of 202 obese 
adolescents with T2D (before the approval of new 
drugs for adolescents with T2D), 109 adolescents 
underwent surgery, and 93 adolescents received 
nonsurgical treatment (71(. In the surgery group, the 
remission rate for diabetes was 76%, compared to 
6.5% in the medical treatment group. The remission 
was sustained for the two years of follow-up. Of note, 
LRYGB had better effects on weight loss and  
glycemic control than LSG.  
 
 
Impact of Bariatric Surgery on Kidney Outcomes  
 
In a three-year longitudinal study, kidney outcomes in 
youth following bariatric surgery were assessed. 
Improvement in albuminuria and GFR was observed 
in those with pre-operative kidney impairment. Among 
participants with a preoperative eGFR < 90 
ml/min/1/73m2, eGFR improved from a mean of 76 
ml/min/1.73m2 to 102 ml/min/1.73m2. Similarly, in 
those with an elevated albumin-to-creatinine ratio at 
baseline (ACR ≥30mg/g), the median ACR decreased 
from 74 mg/g to 17 mg/g. Estimated GFR and 
albuminuria remained stable in those without any 
evidence of pre-operative impairment. The effect of 
bariatric surgery on diabetic kidney disease was also 
investigated in adolescents with severe obesity and 
T2D five years after surgery compared to adolescents 
receiving medical management in the TODAY study 
(72). Elevated albuminuria was present in 21% of 
those receiving medical management at baseline, and 
it increased to 43% at 5 years. Conversely, 
albuminuria decreased from 27% prior to surgery to 
5% at the 5-year follow-up. In adjusted analyses, the 
medical group had 27-fold higher odds of diabetic 
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kidney disease at 5 years compared to Teen-LABS 
participants (72-73). 
 
Impact of Bariatric Surgery on CVD Events  
 
In another analysis, the risk for CVD events in two 
cohorts of adolescents with T2D and severe obesity 
undergoing medical or surgical treatment of T2D was 
assessed. Thirty adolescents who underwent bariatric 
surgery were matched to 63 who had received 
metformin alone or in combination with rosiglitazone 
or an intensive lifestyle intervention, with insulin 
therapy given for glycemic progression. The BMI of 
those who underwent bariatric surgery was 54.4±9.5 
kg/m2, and that of the medical group was BMI 40.5±4.9 
kg/m2. Although the baseline likelihood of CVD events 
was higher in the group that underwent bariatric 
surgery, one year after the surgery, the event risk was 
significantly lower and sustained at 5-year follow-up, 
whereas medical therapy was associated with an 
increase in risk among adolescents with T2D and 
severe obesity (74).  
 
Adverse Effects of Bariatric Surgery 
 
Bariatric surgery in adolescents can lead to various 
potential complications beyond the first postoperative 
month. The most commonly reported include 
gastroesophageal reflux, incisional hernia, treatment 
failure requiring operative revision, and nutritional 
deficits (50). Less frequent complications include 
stomach cancer, liver necrosis, gallbladder disorders, 
pancreatic disorders, acute kidney failure, 
neuromuscular complications, skin complications, and 
rarely mortality (51). 
 
Summary 

 
In summary, bariatric surgery currently outperforms 
medical management of T2D in adolescents and is the 

most efficacious treatment for youth-onset T2D, albeit 
with significant risks and economic implications. 
However, given the rapidly emerging medical 
therapies for weight reduction in adults and youth, 
many of which (e.g., dual-incretin analogs, triple-G 
agonists (75)) are now achieving degrees of weight 
loss approaching those seen following surgery, the 
individual roles of surgical and medical treatment for 
youth-onset T2D will need continued reassessment in 
the coming years.  
 
COMPLICATIONS AND COMORBIDITIES AMONG 
ADOLESCENTS WITH T2D 
 
Large cohort studies investigating the incidence of 
complications in children and teenagers with T2D 
unequivocally demonstrated a higher incidence of 
complications, both compared to the incidence of 
complications in T2D in adults and in T1D in children. 
In a multicenter observational study conducted from 
2011 to 2020, the cumulative incidence of diabetic 
complications was assessed in 500 adolescents who 
had participated in the TODAY study (76). After only 
13 years from diagnosis, higher complication rates 
were observed compared to those reported for 
pediatric patients with T1DM or for adults with T2D. 
The first striking finding from this report is the 
participants’ poor glycemic control despite 
participation in a well-resourced clinical trial. While 
glycemic control in adolescents with T1DM tends to 
improve with age, a gradual deterioration occurred in 
adolescents with T2D throughout the follow-up period. 
Approximately 45.0% had HbA1c of at least 10%, and 
an additional 20% were in the range of 8-10%. Their 
BMI remained consistently in the range of 35.0 to 37.5 
kg/m2. It is important to note that poor glycemic control 
and obesity are associated with early complications. 
The complications associated with T2D in children 
affect various systems (Figure 5). 
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Figure 5. Comprehensive Overview of Type 2 Diabetes (T2D) Complications in Adolescents. A 
comprehensive visual representation of the diverse range of complications affecting major physiological 
systems that can arise in adolescents with T2D. 
 
On average, thirteen years after the initial diagnosis of 
T2D, incidence rates for hypertension, dyslipidemia, 
diabetic kidney disease, and neuropathy were 67.5%, 
51.6%, 54.8%, and 32.4%, respectively. Additionally, 
retinopathy was present in 51% of the participants. 
One-fifth of the cohort (21.3%) had two complications, 
and 7.1% had three. There were seventeen serious 
cardiovascular events, including myocardial 
infarctions, six cases of congestive heart failure, three 
cases of coronary artery disease, and four stroke 
events. Additionally, six deaths were reported. This 
rapid development of complications was associated 

with severe insulin resistance and poor socioeconomic 
circumstances.  
 
Hypertension 
 
Hypertension, defined as blood pressure ≥ 95th 
percentile for age, sex, and height or systolic BP ≥ 
130/80 mm Hg, is often present at the time of 
diagnosis in adolescents with T2D. In a study of 391 
children from Hong Kong under 18 years of age, 
22.5% had hypertension at diagnosis. In the TODAY 
study, 11.6% were hypertensive at the time of 
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diagnosis (77) and the cumulative incidence of 
hypertension was 67.5% at a mean age of 26.4±2.8 
years and 13.3±1.8 years from diagnosis (78). A 
systematic review and meta-analysis of 31 
international studies on 4363 children with T2D aged 
6.5 to 21 years at diagnosis found a pooled prevalence 
of hypertension of 25.33% (95% CI, 19.57%-31.53%) 
(79). Male participants had a higher hypertension risk 
than female participants (odds ratio 1.42 [95% CI, 
1.10-1.83]).  
 
Initial treatment involves lifestyle modification, aiming 
to not only enhance glycemic control but also 
incorporate a diet that is low in sodium and abundant 
in fruits, vegetables, whole grains, low-fat dairy 
products, and lean proteins. The Dietary Approaches 
to Stop Hypertension (DASH diet) is highly 
recommended for its effectiveness in reducing high 
blood pressure and supporting weight loss. In addition 
to lifestyle modification, the ADA recommends starting 
Angiotensin-Converting Enzyme inhibitors (ACEis) or 
Angiotensin Receptor Blockers (ARBs). Due to the 
potential teratogenic effects, the use of reliable 
contraception should be encouraged in individuals of 
childbearing age (68). There are no agents specifically 
approved for use in youth with T2D, however, a once-
daily medication is recommended for better 
compliance (80,81).    
 
Nephropathy  
 
The primary microvascular diabetic complication in 
adolescents with T2D is diabetic kidney disease 
(DKD), which develops in 25–40% of T2D patients and 
is associated with rapid progression and poor 
prognosis. The severity and risk of rapid deterioration 

in young people with T2D are reflected in the fact that 
microalbuminuria is reported at diagnosis among 
adolescents with T2D. In a recent systematic review 
and meta-analysis (79) that included 14 studies of 
2250 children and adolescents with T2D, the 
prevalence of albuminuria was 22.17% (95%CI, 
17.34%-27.38%), and the pooled prevalence of 
macroalbuminuria among 730 children and 
adolescents was 3.85% (79). In the SEARCH study 
(82) after a duration of 8 years, the prevalence was 
19.9% among adolescents with T2D compared with 
5.8% in those with T1D. 
The accelerated development of kidney damage is 
attributed to inadequate glycemic control and the 
presence of various risk factors, including obesity, 
dyslipidemia, insulin resistance, hypertension, 
elevated serum uric acid, female sex, and the 
presence of chronic inflammation (83).  
 

While albuminuria is the earliest clinical sign of 
diabetic kidney disease (DKD), the natural history of 
DKD begins with hyperfiltration, characterized by an 
increase in glomerular filtration rate (GFR) >120 
mL/min/1.73 m² as a consequence of obesity and 
impaired glucose tolerance (84).  This increase 
predicts deterioration before other clinical signs 
appear. The second stage in the evolution of kidney 
dysfunction, still without clinical manifestations, is a 
mild reduction in GFR (60-89 mL/min/1.73 m²) (Figure 
6). Structural changes of the kidney are typical at this 
stage, yet they are often reversible, making this a 
critical time for risk factor reduction (84). 
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Figure 6.  Heat map depicting diabetes kidney disease (DKD) staging by GFR and albuminuria and 
suggested treatments. Adapted from Naaman SC, Bakris GLJDC. Diabetic Nephropathy: Update on 
Pillars of Therapy Slowing Progression. 2023;46:1574-86. 
 
Treatment in these early stages involves achieving 
adequate glycemic control along with lifestyle 
modification, including increasing physical activity, 
improving sleep quality, and quitting smoking. 
Additionally, a healthy diet with lower salt and 
potassium intake, along with a low protein intake of 0.8 
g/kg/day, is recommended (68). Pharmacological 
treatment includes control of blood pressure and 
managing dyslipidemia. Theoretically, medications 
that improve glycemic control would also provide 
benefits for preventing and/or treating DKD. GLP1 
receptor agonists are reported to have a renal 

protective effect in adults with T2D. A recent meta-
analysis of approximately 60,000 adults with T2DM 
treated with GLP-1 receptor agonist found a significant 
reduction in the composite kidney outcome 
(development of macroalbuminuria, doubling of serum 
creatinine, 40% or greater decline in eGFR, kidney 
replacement therapy, or death from kidney disease) 
when compared to placebo, as well as a trend towards 
a reduction in worsening kidney function (84). 
Similarly, the hemodynamic and natriuretic effects of 
SGLT2 inhibition are also postulated as protective 
mechanisms for DKD (85). However, studies in 
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adolescents with T2D did not show an effect of systolic 
or diastolic blood pressure (Table 3). Of note, these 
studies involved relatively small groups of youth, and 
were short-term. Larger, long-term studies are 
needed, as well as additional therapeutic options for 
reducing the risk of DKD, such as mineralocorticoid 
receptor antagonists (MRAs), and endothelin receptor 
antagonists (ERAs). 
 
Dyslipidemia 
 
Screening for dyslipidemia should be conducted once 
optimal glycemic control has been achieved or within 
3 months after T2D diagnosis. Initial cholesterol 
screening can be performed non-fasting. The 
recommended target values are triglycerides <150 
mg/dL (1.7 mmol/L), HDL cholesterol >35 mg/dL (0.91 
mmol/L), and  LDL cholesterol <100 mg/dL (2.6 
mmol/L). If these levels are outside the normal range, 
medical nutritional therapy (MNT) should be initiated, 
including restricting caloric intake from fat to 20–30% 
and daily cholesterol intake to <200 mg/day, avoiding 
trans fatty acids, limiting saturated fats to <7%, and 
controlling mono and poly unsaturated fats to 10-15%. 
If, after 6 months of dietary intervention, the LDL-C 
remains >130 mg/dL, statin therapy should be 
initiated, with a goal of achieving LDL-C <100 mg/dL. 
Currently, there are 7 approved statins for use in 
children and adolescents: Lovastatin, Simvastatin, 
Atorvastatin, and Fluvastatin [children ≥10 years old], 
Pitavastatin and Pravastatin [> 8 years], and 
Rosuvastatin [>6 years old]. It is important to note that 
due to potential teratogenic effects, individuals of 
childbearing age should receive reproductive 
counseling, and statins should be avoided in 
individuals of childbearing age who are not using 
reliable contraception. If triglyceride levels are greater 
than 400 mg/dL (4.7 mmol/L) in a fasting state or 
exceed 1,000 mg/dL (11.6 mmol/L) in a non-fasting 
state, it is imperative to optimize glycemic control and 
initiate fibrate therapy. This is essential for reducing 
the risk of pancreatitis. 
 

In a study assessing whether clinicians are sufficiently 
aggressive in treating diabetes-related hyperlipidemia 
in youth, among 278 youth with T2D >10 years, 57% 
had LDL-C exceeding 100 mg/dL, 24% had LDL-C at 
or above 130 mg/dL, and 9% had LDL-C surpassing 
160 mg/dL (86). Additionally, 29% had 
hypertriglyceridemia, and 44% had HDL-C levels 
below 40 mg/dL. However, only 5% of these youth 
were prescribed lipid-lowering medications. 
 
Polycystic Ovarian Syndrome (PCOS) 
 
There is a strong association between T2D in 
adolescent girls and polycystic ovary syndrome 
(PCOS). A systematic review and meta-analysis 
comprising 6 studies that involved 470 girls diagnosed 
with T2D, with an age range at diagnosis between 12.9 
and 16.1 years, revealed that the prevalence of PCOS 
was estimated at 19.58% (87). PCOS is associated 
with a range of metabolic diseases, including 
hypertension and dyslipidemia. Furthermore, it is 
associated with a higher prevalence of cardiovascular 
risk factors, such as higher carotid intima thickness, β 
stiffness index, and reduced arterial compliance. 
Additionally, adolescent girls with PCOS have an 
increased likelihood of experiencing psychiatric 
comorbidities, such as anxiety and depression, which 
can negatively impact their health-related quality of 
life. A menstrual history should be taken on every girl 
with T2D at the diagnosis and at every follow-up visit. 
Metformin, in addition to lifestyle modification, is likely 
to improve menstrual cyclicity and hyperandrogenism 
in female individuals with T2D.  
 
Pregnancy and Contraception 
 
In the TODAY study, the maternal and offspring 
outcomes of young women with youth-onset T2D who 
experienced one or more pregnancies were evaluated 
(88). Over a span of up to 15 years, a total of 260 
pregnancies were reported by 141 women. Their 
average age was 21.5±3.2 years, a mean BMI of 
35.6±7.2 kg/m2, and an average diabetes duration of 
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8.1±3.2 years (88). Complications during pregnancy 
were identified in 65% of the women. Elevated HbA1c 

levels of ≥8% were observed in 31.9% of the 
pregnancies, and chronic hypertension complicated 
35% of them. Pregnancy loss was observed in 25.3% 
and preterm birth occurred in 32.6% of pregnancies. 
Among the offspring, 7.8% of the babies were 
classified as small for gestational age, 26.8% as large 
for gestational age, and 17.9% fell into the 
macrosomic range.  Other  complications and 
congenital anomalies  were noted in 10% of infants, 
including  anencephaly, renal anomalies, and 
complications related to prematurity.  The rate of 
known miscarriage for the entire study was 12.3%. 
The rate of known stillbirths in  the cohort was 3%, 
which is more than triple the reported national rates. 
 
The impact of T2D during pregnancy extends beyond 
the immediate prenatal and birth periods, exerting 
long-term effects on offsprings. Data pertaining to the 
diagnosis of diabetes in biological mothers were 
available for 621 participants in the TODAY study, of 
whom 301 had never been diagnosed with diabetes, 
218 were diagnosed either before or during 
pregnancy, and 102 were diagnosed after pregnancy 
(89). For biological fathers, the data were available for 
519 participants, with 352 having no history of 
diabetes and 167 having paternal diabetes. Notably, it 
was found that maternal diabetes, but not paternal 
diabetes, was associated with lower beta-cell function 
and deterioration of glycemic control over time. These 
effects remained significant even after accounting for 

variables such as age, sex, race/ethnicity, and 
household income (89).  
 
Contraception is indicated in adolescent girls with T2D 
for several compelling reasons. Firstly, it is a 
recommended treatment for managing the symptoms 
of PCOS. Secondly, these young women are at 
increased risk of unintended pregnancy, which can 
lead to poor outcomes. Lastly, it is imperative for those 
treated with potentially teratogenic medications such 
as ACEis, ARBs, and statins. Unfortunately, despite 
the evident need, preconception counseling was 
reported only in 16.3% of women prior to their first 
pregnancy and only 14.9% used any method of 
contraception prior to the first pregnancy (88). This 
gap in reproductive health care highlights the 
importance of healthcare providers and support staff 
addressing this issue promptly and effectively. 
 
Although in theory, adolescent girls with T2D without 
severe obesity, micro- or macrovascular disease, or 
other cardiovascular risk factors can consider a wide 
range of contraceptive methods, the practical reality 
often differs. A significant proportion of these 
individuals are afflicted by severe obesity, and a 
considerable number also exhibit elevated blood 
pressure. Consequently, when morbid obesity, severe 
hypertension, micro- or macrovascular disease, or 
multiple cardiovascular risk factors are present, it is 
advisable to prioritize nonhormonal or progestin-only 
contraceptive methods (Figure 7) (90). 
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Figure 7. Heat map of contraceptive treatment options for adolescent girls with T2D based on disease 
duration and complications. Adapted from  Merino PM, Codner E. Contraception for Adolescents and 
Young Women with Type 2 Diabetes-Specific Considerations. Current diabetes reports 2022;22:77-84. 
 
Diabetic Retinopathy  
 
Diabetic retinopathy (DR) is one of the most important 
causes of visual loss worldwide. DR is often 
asymptomatic until the very late stages. Given the 
potential for a rapid rate of progression and the 
effectiveness of new therapies in slowing 
deterioration, it is imperative to routinely screen 
individuals with diabetes for the early detection of 
retinal changes. It is important to note that direct 
fundoscopy may be less sensitive than 7-field 
stereoscopic fundus photography for detecting 
retinopathy (91). Diabetic retinopathy (DR) is divided 
into two major forms: non-proliferative and 
proliferative, according to the presence of abnormal 
new blood vessels emanating from the retina. Non-

proliferative DR consists of microvascular 
abnormalities (including microaneurysms, occluded 
vessels, and dilated or tortuous vessels) primarily in 
the macula and posterior retina, intraretinal 
hemorrhages, hard exudates; and the variable 
presence of nerve-fiber layer infarcts (cotton wool 
spots). Visual loss is mainly due to the development of 
macular edema. Proliferative DR is marked by the 
presence of neovascularization arising from the disc 
and/or retinal vessels, resulting in preretinal and 
vitreous hemorrhage, subsequent fibrosis, and 
traction retinal detachment resulting in visual loss.  
 
In a meta-analysis that included 27 studies involving 
5924 children and adolescents (91) with T2D duration 
between 6.5-21.0 years, 1.11% had DR less than 2.5 

http://www.endotext.org/
https://www.uptodate.com/contents/diabetic-retinopathy-classification-and-clinical-features#H5


 
 
 

 
www.EndoText.org 27 
 

years after T2D diagnosis. The prevalence of DR 
increased over time, with rates of 9.04% at 2.5 to 5.0 
years after T2D diagnosis, and 28.14% more than 5 
years after T2D diagnosis. The global prevalence of 
diabetic retinopathy in pediatric T2D was found to be 
6.99%. Optical coherence tomography (OCT) 
performed in adolescents with T2D in the TODAY 
study revealed that changes in retinal thickness 
correlated with HbA1c, fasting glucose, and blood 
pressure, illustrating the importance of intensive 
control of hyperglycemia, hypertension, and 
hyperlipidemia.(92)  
 
Among the systemic strategies for the prevention and 
treatment of diabetic retinopathy, two randomized 
clinical trials, "The Fenofibrate Intervention and Event 
Lowering in Diabetes (FIELD) Study and the Action to 
Control Cardiovascular Risk in Diabetes (ACCORD)-
Eye Study, documented a reduction in the risk of non-
proliferative DR progressing in individuals using 
fenofibrate (93). The protective effects of fenofibrate 
have been attributed to its antioxidative, anti-
inflammatory, anti-apoptotic, and anti-angiogenic 
properties. Other treatments include pan-retinal 
photocoagulation, intravitreal anti-vascular endothelial 
growth factor (VEGF) therapy, integrin antagonists, 
and anti-inflammatory agents. Corticosteroids remain 
important second-line therapies for patients with 
macular edema.  
 
Diabetic Neuropathy 
 
DIABETIC PERIPHERAL NEUROPATHY  
 
Diabetic peripheral neuropathy (DPN) is a cause of 
significant disability and poor quality of life. Signs and 
symptoms include sensory loss, paresthesia, and 
pain. However, subclinical signs of DPN may precede 
the development of frank neuropathic symptoms, and 
systematic screening is required to identify DPN in its 
earliest stages. Studies from USA (78,94), Canada 
(95), and India (96) reported the prevalence of DPN in 
adolescents with T2D assessed by examination for 

foot abnormalities, distal vibration perception, and 
ankle reflexes (97). In the SEARCH study, the 
prevalence of peripheral neuropathy assessed after 8 
years in 258 adolescents with T2D was 22%, 
compared with 7% in T1DM (98). Data from the 
TODAY Study Group revealed that at baseline, 1.0% 
of the participants had nerve disease, and the 
cumulative incidence at 15 years was 32.4% (78). The 
risk factors associated with peripheral neuropathy in 
youth are longer duration of diabetes, older age, male 
sex, and smoking.   
 
Calcium channel a2δ ligands (gabapentin, 
pregabalin= Lyrica), serotonin- norepinephrine 
reuptake inhibitors, and tricyclic antidepressants are 
the most widely used medications for painful DN in 
adults. These medications are used to treat various 
presentations of neuropathic pain in children, but there 
have been no clinical studies devoted to painful DPN 
and no agents are licensed specifically for painful DN 
in childhood and youth (99). “Fortunately, painful DPN 
is relatively rare in children and youth. 
 
AUTONOMIC NEUROPATHY  
 
Diabetic autonomic neuropathy (DAN) is a common 
form of neuropathy in individuals with diabetes mellitus 
characterized by dysfunction due to impairment of 
peripheral autonomic nerves, with a wide spectrum of 
manifestations (100). DAN that involves autonomic 
fibers of the enteric nervous system may cause upper 
and lower gastrointestinal symptoms, including 
gastroesophageal reflux disease, gastroparesis, and 
constipation. Additional manifestations include 
bladder and sexual dysfunction. DAN also involves the 
cardiovascular system. Cardiovascular autonomic 
neuropathy (CAN), secondary to the pathology of the 
autonomic nerve fibers that innervate the heart and 
blood vessels, results in resting tachycardia, exercise 
intolerance, orthostatic hypotension, syncope, and 
silent myocardial infarction and ischemia (101). A 
reduction in heart rate variability is an early sign of 
CAN and was reported in 47% of youth with T2D after 
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a mean disease duration of only 1.7 years (102). In the 
SEARCH study, the prevalence of CAN assessed 
after duration of 8 years in 252 adolescents with T2D 
was 17% compared with 12% in T1DM (103). CAN 
was associated with elevated triglycerides and 
increased urinary albumin excretion. 
 
Cardiovascular Complications  
 
T2D is a major risk factor for cardiovascular disease 
(CVD), including myocardial infarction and stroke. 
Markers for early CVD include increased arterial 
stiffness, carotid intima-media thickness, an alteration 
in the vascular endothelium, and cardiac autonomic 
neuropathy.  
Arterial stiffness prevalence was significantly higher 
among youth with T2D than those with T1D (104). 
Arterial stiffness (measured by pulse wave velocity 
from carotid-femoral, femoral-foot, and carotid-radial), 
was measured in 388 youth with T2D at a mean age 
of 21 years and a diabetes duration of 7.7±1.5 years 
(105). Higher arterial stiffness was associated with an 
adverse change in left ventricular diastolic function. 
Similarly, cardiac parameters were assessed in 177 
individuals with T2D, with a mean age of 24.6±4.2 
years and a disease duration of 10.3±3.5 years (106). 
Of these, 72% were females, and their HbA1c levels 
averaged 8.9±1.9. Their parameters were compared 
to those of individuals with T1D. The prevalence of 
increased atrial stiffness was significantly higher in 
those with T2D, at 75.7%, compared to only 23.4% in 
individuals with T1D. In addition, the prevalence of 
cardiac autonomic neuropathy was significantly higher 
in those with T2D, at 16.9%, compared to 9.0% in 
individuals with T1D. Participants with T2D exhibited a 
higher left ventricular mass index, lower systolic 
function, and lower diastolic function compared to 
those with T1D.  
 
Adolescents with T2DM have increased carotid intima-
media thickness (cIMT) compared to obese and 
normal weight groups; the group difference was 
detected early at 14 years of age (107).   

 
Vascular endothelial function was lower in 
adolescents with T2D compared to normal weight and 
compared to adolescents with T1D (108).  These 
changes are of importance as the rate of all 
adjudicated heart, vascular, and cerebrovascular 
events was 3.73 per 1000 person-years (78). There 
were 17 serious cardiovascular events, myocardial 
infarction [4 events], congestive heart failure [6 
events], coronary artery disease [3 events], and stroke 
[4 events].  

 
Decreased Bone Mineral Density (BMD)  
 
In a study involving 17 adolescents newly diagnosed 
with T2D and 59 age, sex, and BMI-matched 
controls, bone mineral density (BMD) was assessed 
at multiple sites while accounting for potential 
confounding factors such as age, sex, Tanner stage, 
and BMI (109). The results revealed that BMD Z-
scores for the femoral neck and bone mineral 
apparent density Z-scores of the lumbar spine were 
notably lower in individuals with T2D compared to 
their healthy counterparts. In another cross-sectional 
study of BMD in 180 youths aged 10 to 23 years, the 
participants were categorized into three groups: 
those with T2D were compared to those with obesity 
(n=226) and those with a healthy weight (BMI <85th 
percentile; n=238) (110). An age-dependent pattern 
emerged, wherein the BMD Z-score in children was 
higher in the T2D group compared to the obese 
group. However, in adolescents and young adults, 
the BMD Z-scores were lower in the T2D group when 
compared to the obese group. These findings 
suggest that T2D may have a detrimental impact on 
bone density, particularly around the age when 
individuals reach peak bone mass. Considering the 
elevated fracture risk observed in adults with T2D, 
the decrease in bone density at a young age raises 
concerns about potential long-term morbidity and 
fracture risk in adulthood.  
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Mental Health Comorbidity 
 
DEPRESSION   
 
As part of routine diabetes care, a total of 197 
adolescents and youth diagnosed with T2D, with a 
mean age of 16.9 years and 57% male, completed the 
Patient Health Questionnaire (PHQ) (111). 19.3% 
reported elevated depressive symptoms (PHQ score 
≥10). Furthermore, in a sample of 53, 18.9% 
acknowledged thoughts of self-harm. Despite the 
prevalence of depressive symptoms, only 50.0% of 
those with depressive symptoms had a documented 
referral for mental health treatment in the electronic 
health record after the positive screening outcome. 
Older age, shorter diabetes duration, a higher HbA1c 
level, more blood glucose checks per day, and being 
prescribed oral medications were significantly 
associated with more depressive symptoms. Results 
from the TODAY study revealed that older teen girls 
had the highest rates of clinically significant 
depressive symptoms (112). Increased number of 
stressful life events were associated with elevated 
depressive symptoms. Depressive symptoms were 
correlated with low adherence to diabetes treatment, 
lower psychosocial functioning, and impaired health-
related quality of life (QOL). In another study 
comparing PHQ between adolescents with T2D and 
T1D, the median PHQ-9 score in females with T2D 
was significantly greater than in females with T1D, but 
did not differ between males with T2D and T1D (113). 
The association between depression and T2D has 
been reviewed elsewhere (114).  
 
 

 
DISORDERED EATING BEHAVIORS  
 
In the TODAY study, out of 678 adolescents with T2D 
at a mean age of 14.0 years, 6% had clinical and 20% 
had subclinical levels of binge eating (115). Moreover, 
50.3% of adolescents with T2D who are receiving 
insulin therapy had disordered eating behaviors (DEB) 
compared with 21.2% of those with T1DM (116). 
Disordered eating behavior is associated with poorer 
clinical outcomes and psychosocial well-being. 
 
Mortality 
 
In the SEARCH study, over a median follow-up of 5.3 
years, the mortality rate among individuals with T1D 
was 70.6 deaths per 100,000 patient-years, compared 
with 185.6 deaths per 100,000 patients-years for those 
with T2D (117).. When compared to the general 
populations of US states, it was observed that the 
mortality rate for individuals with T2D was significantly 
higher than expected while this was not the case for 
individuals with T1DM. Females had higher mortality 
rates than males. Among adolescents with T2D, the 
leading underlying cause of death was attributed to 
transport/motor vehicle accidents followed by 
accidental poisoning, and intentional self-harm. 
According to a life expectancy model, it was predicted 
that youth with T2DM lose approximately 15 years 
(118).  
 
CONCLUSION 
 
A summary of the key points is presented in Table 4. 
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Table 4. Key Points 
• The prevalence of type 2 diabetes (T2D) varies across different countries and regions 
globally, but there is a consistent upward trend in its occurrence. Large-scale national studies in 
countries like Sweden, Germany, and India have reported similar increasing trends. 
• Contrary to common perception, not all adolescents with T2D are severely obese. Only 
70-80% fall into this category. 
• Socioeconomic status plays a significant role in the prevalence of T2D, with lower 
socioeconomic status being associated with higher incidence in Western countries, while the 
opposite is observed in low-income countries. 
• Although adolescents are at higher risk of developing T2D, there are growing reports of 
T2D cases in children younger than 10 years old. 
• The gender distribution of T2D varies, with a higher proportion of cases in females in 
Western countries but a higher proportion in males in the Middle East and China. 
• Promisingly, there are new medications designed for weight loss, which hold the 
potential to reduce the high rates of complications associated with T2D in children. 
• There are low prescription rates for statins and contraception in the management of T2D 
in adolescents, highlighting potential gaps in medical care. 
• Many complications of T2D can potentially be reversed if detected and treated 
aggressively in their early stages. 
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