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Abstract: The prevalence of type 2 diabetes (T2DM) among children and adolescents has remarkably increased in the last two
decades, particularly among ethnic minorities. Management of T2DM is challenging in the adolescent population due to a constellation
of factors, including biological, socioeconomic, cultural, and psychological barriers. Weight reduction is an essential component in
management of T2DM as weight loss is associated with improvement in insulin sensitivity and glycemic status. A family centered and
culturally appropriate approach offered by a multidisciplinary team is crucial to address the biological, psychosocial, cultural, and
financial barriers to weight management in youth with T2DM. Lifestyle interventions and pharmacotherapy have shown modest
efficacy in achieving weight reduction in adolescents with T2DM. Bariatric surgery is associated with excellent weight reduction and
remission of T2DM in youth. Emerging therapies for weight reduction in youth include digital technologies, newer GLP-1 agonists
and endoscopic procedures.
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Background

The prevalence of type 2 diabetes mellitus (T2DM) in adolescents has doubled in the US over the last few decades' and
this trend has been mirrored by an increase in the prevalence of childhood obesity. The estimates from 2017 to
March 2020 on childhood obesity indicated a prevalence of 20.7% among 6- to 11-year-olds, and 22.2% among 12-
to 19-year-olds.' > Obesity is a major risk factor for T2DM in adolescents and weight management is an integral
component of management of T2DM. We review barriers to effective weight management in adolescents with T2DM and

discuss various strategies to overcome these barriers.

Epidemiology

In an observational, cross-sectional, multicenter study from the United States, the estimated prevalence of T2DM
increased from 0.34 (95% CI, 0.31-0.37) per 1000 youth (aged 10-19 years) in 2001 to 0.67 (95% CI, 0.63—0.70) per
1000 youth in 2017." The prevalence of T2DM among youth younger than 20 years varies greatly between ethnic/racial
groups. In 2017, the highest prevalence was among Black youth [1.8 (95% CI, 1.62-2.00) per 1000] followed by Native
Americans [1.63 (95% CI, 1.32-2.03) per 1000]. Hispanic youth had a prevalence rate of 1.03 (95% CI, 0.94-1.12) per
1000 and White youth had the lowest prevalence of 0.2 (95% CI, 0.17-0.23) per 1000.

The rise in prevalence of T2DM has been more pronounced in youth from ethnic minorities with the highest increase
in Non-Hispanic Black and Hispanic youth . For example, the prevalence of T2DM per 1000 youth in Black adolescents
increased from 0.95 (0.82—1.10) per 1000 in 2001 to 1.80 (1.62—2.00) in 2017 and in Hispanic youth increased from 0.45
(0.39-0.53) in 2001 to 1.03 (0.94-1.12) in 2017. On the other hand, the prevalence of T2DM in White youth only slightly
increased from 0.14 (0.12-0.17) per 1000 in 2001 to 0.2 (0.17-0.23) per 1000 in 2017." There has been further increase
in frequency of T2DM in adolescents during the COVID-19 pandemic.*
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T2DM in youth is a global health problem. In 2021, the estimated number of new cases of adolescents with T2DM
worldwide was 41,600 with the highest incidence reported in China, India, and the US.>

Pathophysiology
T2DM develops due to a complex interaction between genetic and environmental factors. Obesity is associated with
insulin resistance that leads to beta cell adaptation by increased insulin secretion. Subsequently, insulin resistance
overcomes beta cell reserve leading to impaired glucose tolerance and finally overt hyperglycemia.®

Insulin resistance in youth with T2DM is correlated with total body fat mass, especially visceral fat. This is mediated
via multiple adipokines including leptin, resistin, Interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a), in
addition to non-esterified fatty acids that lead to insulin resistance by increasing hepatic glucose output and hindering
skeletal muscle glucose uptake.®’

Obesity-related chronic inflammation contributes to both insulin resistance and beta cell dysfunction.® Additionally,
increased visceral fat mass leads to lower adiponectin levels and decreased expression of adiponectin receptors on the
cellular surface.’

Risk Factors for T2DM
Obesity

Obesity plays a fundamental role in the pathogenesis of T2DM in adolescents.” Among the 503 youth from the Pediatric
Diabetes Consortium T2D clinic registry from eight medical centers in the United States, median body mass index (BMI)
z score was 2.3 (interquartile range 2 to 2.6). 8% were overweight and 90% had obesity.'® In the SEARCH for Diabetes
and Youth study, a multicenter cross-sectional population-based study including 2448 adolescents with diabetes, the
prevalence of overweight and obesity among adolescents with T2DM was 10.4% and 79.4%, respectively.'' The risk of
T2DM tends to increase with increasing BMI percentiles for both sexes.'?

In a large German/Austrian multicenter diabetes database of 120,183 pediatric and adult patients with T2DM, higher BMI
relative to non-diabetic peers were noted in all age groups. However, the BMI gap was more pronounced in younger patients
(<40 years of age) thereby suggesting a stronger contribution of obesity in development of T2DM in youth and young adults. '

Genetic Risk
T2DM is a polygenic disease with each individual gene variant carrying a small but additional risk for diabetes. In the
Pediatric Diabetes Consortium T2D clinic registry, approximately 90% of youth with T2DM had positive family history
of T2DM at diagnosis.'® Additionally, in a study including 53 pairs of identical twins, 48 pairs developed T2DM, and
most twins were living apart with different BMI status. This indicates the strong heritability of T2DM.'* Family history
of T2DM is a risk factor for T2DM in youth.'> The estimated lifetime risk for developing T2DM is 40% for individuals
who have one parent with T2DM and 70% if both parents are affected.'®

The first genome-wide association study of youth-onset T2DM, The Progress in Diabetes Genetics in Youth
(ProDiGY) Consortium has led to the identification of seven genome-wide significant loci including rs7903146 in
TCF7L2, 1s72982988 near MC4R, rs200893788 in CDCI123, rs2237892 in KCNQI, rs937589119 in IGF2BP2,
rs113748381 in SLCI6A11 and 152604566 in CPEB2."’

Gender and Puberty
Girls are typically affected more than boys during childhood and adolescence. However, men tend to be more affected
than women in adulthood."?® This difference could be related to increase in adiposity than lean body mass and insulin

resistance along with decreased level of physical activity in female adolescents.'®'

Ethnicity
In the United States, T2DM is more prevalent in Black, Native American, Hispanic, Asian American and Pacific Islander
youth than in White youth.' In Europe, the prevalence of T2DM is highest among South Asian population followed by
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Middle Eastern and North African population compared to host European population.?® In the UK, the prevalence of
T2DM is higher in the Asian and Black ethnic groups than in the White group.”' In Australia, the prevalence of T2DM is
significantly higher among Aboriginal and Torres Strait Islander children than in the non-indigenous population.??

Sedentary Lifestyle

The Treatment Options for T2DM in Adolescents and Youth (TODAY) trial recruited 699 adolescents (age from 10 to 17
years) with T2DM from 15 US clinical centers. When comparing physical activity level in recently diagnosed adolescents
with T2DM from the TODAY study relative to subjects with obesity (BMI > 95th percentile) without diabetes in the National
Health and Nutrition Examination Survey (NHANES) cohort, TODAY youth were noted to be more sedentary (average
difference 56 minutes per day) than the NHANES youth.”> Additionally, time spent engaging in moderate or vigorous
physical activity was low in both groups. Younger males in the TODAY group were particularly less active than similarly

aged control males from the NHANES cohort. Girls in the TODAY group were also less active than in previous studies.”®

Socioeconomic Factors

Low socioeconomic status is very frequently noted in families with adolescents with T2DM. In the TODAY study, 41.5%
of patients’ families had annual income less than 25,000 USD and 26.3% of their parents/guardians had an education
level less than high school degree.** In another cohort including 503 children and adolescents with T2DM, the yearly
income of 43% of patients’ families was less than 25,000 USD."°

Prenatal Exposure

Low birth weight is associated with higher risk of T2DM.?* Offspring born to mothers with gestational diabetes are also
at a higher risk to develop T2DM.*® The risk of T2DM is directly proportional to the degree of hyperglycemia in the third
trimester and highest among offspring born to mother carrying the diagnosis of T2DM.*°

Diagnosis
Clinical Picture
T2DM is primarily seen in post-pubertal children. In the TODAY study, mean age at diagnosis was 14 years. None of the
boys and less than 1% of girls were prepubertal. In the Pediatric Diabetes Consortium, the mean age at diagnosis of
T2DM was 13 years.'°

Approximately 40% of adolescents with T2DM are asymptomatic at diagnosis and diabetes is diagnosed following
screening due to obesity, other risk factors, or signs of insulin resistance.”” Occasionally, the diagnosis is made after
detection of glucosuria during a urinalysis. Symptomatic patients typically present with hyperglycemic symptoms
including polyuria, polydipsia, nocturia, and sometimes weight loss. Some patients are diagnosed following initial
presentation with Candida vulvovaginitis in females and tinea cruris in males. Diabetic ketoacidosis is not a common
initial presentation of T2DM in children and adolescents. The reported frequency of diabetic ketoacidosis ranges between
3% and 11% in youth with T2DM at initial presentation, which is much higher compared to adults. However, this
percentage increased dramatically during COVID 19 pandemic reaching up to 20%.'%*® Hyperglycemic hyperosmolar
state is rare relative to diabetic ketoacidosis among pediatric patients.'®

Screening and Diagnosis

Screening for prediabetes or diabetes is recommended at 10 years of age or at the onset of puberty (whichever is earlier)
for a child with BMI at or above 85th percentile and one or more additional risk factors for diabetes including strong
family history, ethnicity, or signs of insulin resistance.”’** HbAlc, fasting blood glucose, or oral glucose tolerance test
are recommended as initial screening tests.>® In the absence of symptoms, it is recommended that an abnormal result be
verified with repeat testing with the same test or another test.*!
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Health Consequences of T2DM in Adolescents

Cardiovascular Risk

Dyslipidemia is very common in pediatric patients with T2DM. This typically occurs as a component of metabolic
syndrome.*>** Patients with T2DM usually have low high density lipoprotein cholesterol (HDL-C) and elevated levels of
triglycerides, non-HDL cholesterol and low-density lipoprotein cholesterol (LDL-C) concentrations. Hypertension is also
noted frequently in children and adolescents with T2DM.***> In the TODAY study, hypertension was present in 19.2% at
baseline and cumulative incidence at 15 years was 67.5%.%°

Microvascular Complications

Adolescents with T2DM are at a higher risk for diabetes-related complications relative to patients with type I diabetes
(TIDM) and these complications tend to occur earlier.’® In the TODAY cohort, the percentage of patients with
microalbuminuria was 6.3% at baseline and rose to 16.6% by the end of the study.”> The cumulative incidence of
diabetic nephropathy was 54.8% and of diabetes-related neuropathy and diabetic retinopathy was 32.4% and 51%,
respectively, at the end of follow-up with mean time since the diagnosis of diabetes being 13.3+1.8 years.>> This
highlights the importance of early intervention to attain better glycemic response to prevent the occurrence of these
complications.

Socioeconomic Impact
With low financial income being common among families with children with T2DM, costs related to medical treatment
for diabetes add to the financial burden. In the TODAY study, the estimated annual medical costs in the first year of
treatment was $1798 in patients assigned to metformin alone, $2971 to combination drug therapy with metformin plus
rosiglitazone and $2092 to metformin plus an intensive lifestyle and behavior change.’” In the TODAY study, low
income was not associated with lack of medication adherence. However, the lack of correlation could be attributed to the
fact that most families had an estimated annual income of less than 25,000.3 8

Several studies highlight health inequities related to T2DM among adolescents. In one large retrospective cohort
study, the frequency of ophthalmic screening in 6 years post-diabetes diagnosis was lower in Black and Latino groups
relative to Whites.>* Also, the frequency of screening was lower in patients whose families had lower financial income.
Patients with T2DM with lower education level and family income below federal poverty level have poorer glycemic
status and two-fold higher risk of diabetes-related mortality compared to those with higher education level or higher

family income.***

Psychosocial Health

Children and adolescents with T2DM are at increased risk for depression and other mental health disorders. The estimated
prevalence of depression among youth with T2DM is more than 20%.*"** In a population-based cohort study of 528 youth
(7-18 years of age) with T2DM (majority First Nations Heritage), youth with T2DM were more likely to attempt suicide
[RR 3.18 (1.30, 7.81) p=0.012] and complete suicide [RR 2.18 (1.32, 3.60) p=0.002] compared to their age, gender,
geographic residence and ethnicity matched peers without diabetes.* In the Pediatric Diabetes consortium, 22% of youth
with T2DM had depression and only 9% had been treated by a therapist within the prior 12 months.**

Youth with T2DM also have higher prevalence of other mental health comorbidities. Children with T2DM were more
likely to have a mood or anxiety disorder before or after diagnosis in comparison to matched peers without diabetes [RR
2.38 (1.63, 3.48) p<0.001 and 1.70 (1.39, 2.08) p<0.001], respectively.* Youth with T2DM were also more likely to be
prescribed an antipsychotic relative to matched peers without diabetes before or after diagnosis [RR 2.33 (1.23, 4.39)
p=0.009 and RR 1.76 (1.23, 2.52) p=0002].*

Mental health and family dynamics have significant impact on weight management and diabetes management. In fact,
in patients with T1DM, lower familial involvement without patient’s readiness to take full responsibility to manage their
own diabetes is associated with poor glycemic control.*>**® Additionally, patients with poor mental health are at a higher
risk for lower medication adherence and poor glycemic control. Adolescents with T2DM exposed to multiple stressful
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life events demonstrated lower adherence to their prescribed oral medications in addition to impaired quality of life and
depressive symptoms.*” Depression and anxiety have been shown to be associated with unhealthy behavior including
physical inactivity and unhealthy diet.**

Alcohol and substance use adversely impact self-management behaviors in individuals with a chronic medical
illness.*” The Youth Risk Behavior Survey revealed that 29% of school students drink alcohol and 14% reported
binge drinking.’*" In adults, binge drinking has been associated with higher risk of developing T2DM.>* Similarly,
active, or passive smoking has been associated with increased risk of T2DM.>* There is scarcity of data on the impact of
alcohol and substance use on weight management and glycemic control in youth with T2DM.

Eating Disorders

Eating disorders are prevalent in youth with T2DM and affect adiposity and psychosocial functioning. In the TODAY
study, 20% and 6% of youth engaged in subclinical and clinical binge eating, respectively.”* Subclinical and clinical
binge eating were associated with higher rates of extreme obesity, global eating disorder, impaired quality of life and
depressive symptoms.

In the SEARCH for Diabetes in Youth Study, disordered eating behaviors were noted in 50.3% of youth and young
adults with T2DM.>® Presence of disordered eating behaviors was associated with significantly higher BMI Z score,
lower insulin sensitivity, poorer quality of life and more depressive symptoms.”> Female gender, a history of dieting,
body dissatisfaction, increased body weight, and a history of depression are risk factors for development of eating
disorders in adolescents with T2DM.**>’

Management of T2DM in Children and Adolescents

The glycemic target for adolescents with T2DM is HbA lc <7%.>">® However, lower HbA lc can be targeted (<6.5%) for
recently diagnosed patients to preserve their beta cells as chronic hyperglycemic status will exacerbate beta cell toxicity
and worsen beta cell secretory function.

A HbAlc <6.5% can be targeted as well in patients who are able to achieve significant weight loss by lifestyle
changes and those on metformin.”**! Adequate glycemic control in children with T2DM is challenging as in children
with type 1 diabetes.>

Lifestyle modifications are an essential component of weight management of T2DM in children and adolescents. The
guidelines for weight management of youth with T2DM recommend at least 7-10% weight loss in adolescents who have
achieved their final adult height and a BMI below the 85th percentile for those who are still growing.>® The weight loss
goals, however, should be tailored individually based on patient’s previous weight trajectory and impact of interventions
on weight status and glycemic control.

In the TODAY study, a decrease of >7% of the total body weight across treatment arms was associated with
significant improvements in multiple cardiovascular risk factors including systolic blood pressure, LDL-C, triglycerides,
total cholesterol, and HDL-C over 24 months.*°

A multidisciplinary approach is essential in management of adolescents with T2DM due to the biological, socio-
economic, and psychological factors that serve as barriers to effective weight management and glycemic control.

Lifestyle Interventions
The American Diabetes Association (ADA) and International Society for Pediatric and Adolescent Diabetes (ISPAD)
recommend that children and adolescents with T2DM should be encouraged to participate in at least 60 min of moderate
to vigorous physical activity daily (with muscle and bone strength training at least 3 days/week).*"°' Physical activity
has been linked to multiple favorable short-term effects in adolescents especially mental health and bone health in
addition to other long-term effects throughout adulthood.®®

High intensity physical activity has been associated with lower BMI status, lower waist circumference, lower
cardiovascular risk, and better cardiovascular fitness.®> These benefits increase with increasing level of physical
activity.®* The beneficial effect of physical activity is not only limited to improvement in BMI status and cardiometabolic
profile, but it has been also associated with improvement in psychological outcomes.®*
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Table | Suggested Dietary Recommendations for Youth with Type 2 Diabetes and Their Families

Limit the intake of foods made from simple sugars or with high fat or caloric content

Restrict the intake of added table sugar and sugar containing beverages

Limiting portion sizes

Encourage the intake of home-made food and vegetables and decrease the consumption of fast food

Substitute enriched white rice and white flour with brown rice and whole grains

Thorough education to children and their families regarding practical and tolerable ways for healthy dietary habits
Encourage the use of food and activity logs

Portion control education

Teach the family how to interpret the food label

Avoid stressful environment and limit screen time that may lead to unhealthy eating behavior

Note: Data from ISPAD Clinical Practice Consensus Guidelines 2022.%"'

Increased waist circumference suggestive of increased visceral fat has been associated with increased insulin
resistance.®® Increased physical activity partly improves insulin sensitivity by decreasing visceral fat and waist
circumference.® Additionally, exercise increases expression of GLUT4 receptor expression, thereby increasing periph-
eral glucose uptake. This effect of improved insulin sensitivity extends 16 hours post exercise in healthy subjects and in
patients with T2DM.® In a cross-sectional study including 164 adolescents with T2DM, adolescents who engaged in
vigorous physical activity were able to attain lower HbAlc level and better cardiovascular parameters.®’

Patient education regarding healthy dietary habits is crucial for management of T2DM (Table 1). Therefore, every
patient with T2DM should receive thorough nutritional education as part of intensive lifestyle therapy.®® Decreased
consumption of sugary drinks and increased consumption of whole-grain bread and cereals, fruits, and vegetables are
recommended.®”’® Caloric intake should be decreased to achieve weight loss goals.

The impact of weight loss on insulin sensitivity was demonstrated in children with obesity in whom a decrease in
their BMI by > 0.5 SDS over one year was associated with an increase in insulin sensitivity. On the other hand, insulin
sensitivity remarkably decreased in those with increase in their BMI SDS over a one year period.”' A systematic review
in adults with obesity/overweight and T2DM demonstrated reduction in HbAlc secondary to weight loss in a dose-
dependent manner. Each 1 kg of mean weight loss was associated with mean HbAlc reduction by 0.1%. This effect was
more prominent in patients with poor glycemic status at baseline.”

Unfortunately, weight loss remains a challenge in the management of youth with T2DM. Obesity is the result of
a complex interaction between genetic/epigenetic factors. Underappreciated obesogenic factors sometimes referred to as
the “exposome” in conjunction with genetic factors play a major role in the development of obesity as well as the extent
of weight loss in response to various treatment strategies.”” ’> In the TODAY study, intensive lifestyle interventions in
addition to metformin did not result in any improved weight loss (percent overweight from baseline) in comparison to the
group that was treated with metformin only.®

Meta-analyses of lifestyle interventions that include behavioral components such as goal setting, self-monitoring, and
problem-solving demonstrate significant BMI reductions relative to treatment as usual or passive control, with longer
interventions showing greatest benefit.”*’” However, translating the benefits observed in randomized clinical trials to
real-world clinical settings has been challenging. In a large multicenter study including around 21,000 children with
obesity in which the efficacy of lifestyle interventions was assessed after a 2-year follow-up, only 22% of patients were
able to reduce their BMI more than 0.25 SDS in 6 months, 15% after 12 months and 7% after 24 months. Also, less than
25% of the data were available due to high dropout rate and lack of documentation.”® Failure to achieve weight loss in
youth without diabetes was also demonstrated in the multicenter Pediatric Obesity Weight Evaluation Registry in the
United States.”®*

Barriers to achieving recommended weight loss in youth with obesity and T2DM are multifactorial (Table 2). While
there are intrinsic biological factors that impede weight loss such as genetic predisposition to weight gain, the lack of
engagement could be related to family education, motivational factors, availability of social support, and various socio-
economic barriers.”® In the TODAY study, the rate of lifestyle sessions attendance was only 60% of the planned sessions.®'

698 https: Diabetes, Metabolic Syndrome and Obesity 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Salama et al

Table 2 Psychological and Behavioral Barriers in Adolescent/Caregiver and Potential Behavioral Strategies to Overcome These

Barriers

Barrier

Intervention

Diagnosis of T2DM

® Feeling emotional/anxious about T2DM diagnosis and fear of long-
term consequences
® Denial of T2DM diagnosis

® |dentifying child and family perspectives
® Culturally appropriate education regarding T2DM diagnosis
® Training in coping skills and stress management

® Families feel guilty for their child developing T2DM

Youth and family’s understanding of T2DM

® Confusion and misunderstanding of T2DM management concepts |® Education using culturally appropriate materials in patient’s/family’s first

® Positive family history does not alleviate family’s anxiety and worries language
about T2DM diagnosis in their child and its long-term effects ® |[nterpreter services to optimize communication
® Encourage self-management guided by patient/family level of confidence

and motivation

Social burden, family interaction and healthcare delivery

® Feeling different and concerned about being treated differently |® Social networking with support groups (in person and virtual)
because of T2DM diagnosis o

® Social isolation to avoid sharing T2DM experience with others

Diabetes management in group settings for feedback from peers and to
learn problem-solving skills

® Feeling stressed or pressured by caregivers when they lose motiva- |® Developing a plan for sharing responsibility and self-management with
tion or get distracted family monitoring and support
® Caregivers sometimes experience being judged that they are not |® Nonjudgmental, motivational, and supportive conversations in between
doing their best for their child’s best interest family members regarding diabetes management
® Clinic visits are perceived by children and their families to be very |® Preventive behavioral strategies in multiple settings including home,
helpful and provide thoughtful ideas. However, this motivation is community, or school to meet the child and family expectations and
usually temporary and sometimes the clinic visits can be anxiety needs and incorporate case management if needed.

provoking ® Motivational interviewing in which the behaviorally informed commu-

nications are individualized to every child and their family

Note: References®8%!16.117,

Additionally, multiple health issues associated with obesity can interfere with patients’ daily activities, such as muscu-
loskeletal problems, asthma, and disturbed sleep pattern.®**> Obstructive sleep apnea (OSA) is commonly present in youth
with T2DM. The severity of OSA is directly proportional to the degree of obesity.*® OSA has been associated with
worsening in BMI and cardiometabolic status.®” Therefore, screening for OSA is recommended in youth with T2DM.>!

In a survey administered to physicians and nurses attending a pediatric diabetology conference, that was designed to
identify the different barriers that interfere with T2DM management in adolescents, having a family member with
unhealthy lifestyle behavior was the most strongly perceived barrier (98%).%® Most (89%) of the participants thought that
low motivation to engage in lifestyle modification to T2DM management may be related to family perceptions that risk is
low or distal, as the vast majority of patients with T2DM are diagnosed when screened for diabetes without having
evidence of life-threatening symptoms. Almost three quarters (71%) perceived behavioral and psychiatric disorders as
a barrier and two thirds reported cultural and language barriers. Furthermore, only 37% of the clinics surveyed provided
patients with culturally appropriate educational materials tailored to racial and cultural groups. These data highlight the
importance of a family centered approach in management of T2DM including weight management and treatment of co-
existing mental health disorders in youth with T2DM (Table 2). These also support the importance of recognizing racial,
cultural and language differences in managing T2DM in youth.®®

In a qualitative pilot study in the United Kingdom of five youth with T2DM and their families, families felt they need
more practical recommendations rather than the regular multidisciplinary approach. Also, they felt that attending in

groups can be helpful to feel more motivated when sharing their positive experiences with others.®
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Emerging and Innovative Lifestyle Change Strategies

Summer camps have been explored as potential strategies for weight loss in children. In one study that evaluated the
effectiveness of a residential weight-loss camp in 185 overweight children (mean age 13.9 years), campers who stayed
for a mean of 29 days had weight loss of 6 kg, reduction in BMI by 2.4 units and reduction in BMI SD scores by 0.28.”°
Other studies showed similar BMI reduction effect, however, long term outcome was ques‘tionable.gl’92 In a randomized
controlled trial including 94 children (age 6—12 years), children who participated in summer camp showed subtle
decrease in their BMI by 0.03 despite participating in almost 50% of the summer camp activities, while those who
were involved in unstructured summer activities experienced subtle increase in their BMI by 0.07 kg/m?.”* One of the
major challenges facing children participating in these residential programs is to implement same healthy lifestyle
intervention upon transition to home environment . Cognitive behavioral therapy, weekly lifestyle education and physical
activity sessions can reinforce the favorable effect of weight loss summer camps and may establish daily healthy lifestyle
routine for favorable long-term outcome.’”

Technology-based interventions have been shown to have modest efficacy in weight management in a few studies.”*
In a randomized control trial including 77 adolescents with obesity, use of a mobile/tablet-application was associated
with lower consumption of fast-food relative to adolescents who received standard care only. However, there were no
statistically significant differences in BMI between the groups.®® In another study of 2825 adolescents who participated in
a remote weight loss program consisting of weight loss mobile applications, calorie restriction and frequent self-
weighing, the mean weight reduction in BMI z score in 120 days post intervention was 0.42 £+ 0.03. The percentage
of weight loss was higher with higher baseline BMI percentile and increased frequency of use of mobile applications.”®

New mobile applications with innovative ideas are now available and look promising to enhance children’s adherence
to healthy lifestyle behaviors.”” Some of these applications allow parents to have feedback regarding their child’s
physical activity, dietary habits and provide guidance regarding healthy eating habits and recommended daily physical
activities.”**’

Video gaming is widely used by the adolescent population. Active video games can be a novel way to enable
adolescents to be more physically active. In a systematic review of randomized control trials, active video gaming was
associated with reduction in median BMI percentile by —1.77 (95% CI, —2.55 to —0.99; P<0.001).'° This modality is
promising as it is widely accepted by adolescents and can be used at school and home.

Financial incentives can be another modality to boost adolescents’ engagement in healthy lifestyle behavior. In one
study, using incentives combined with mobile health physical activity program was associated with better acceptability
and more program adherence.'®' There are ongoing trials to demonstrate the efficacy of financial incentives when used in
combination with a structured dietary plan and exercise,'% (National Library of medicine, NCT number: NCT01848353).

Adequate nutrition is fundamental for children and adolescents’ growth and development. Therefore, continuous
energy restriction is not reasonable for weight management in children and adolescents. Intermittent energy restriction
using very low energy diet (600700 Kcal/day) 3 days per week was studied in 30 adolescents. After 12 weeks of
intermittent energy restriction, the estimated reduction in BMI was 5.6 kg/m”. 21 adolescents elected to continue same

dietary regimen for additional 14 weeks. The endpoint result after 26 weeks was reduction in their BMI by 5.1 kg/m>.'*

Access to Healthcare

Access to healthcare is one of the challenges for youth with endocrinological disorders, including diabetes.'®*'% The
dropout rates in children attending weight management programs tend to be high. Reasons for high dropout rates and
attrition include lack of children’s motivation for lifestyle change, the program not meeting family’s needs, and not
seeing desired outcomes.'®” Access to health care was further affected during the COVID 19 pandemic.* Telehealth has
been associated with lower dropout rates and higher satisfaction among children and their families.'”® In a systematic
review, several clinics that offered both face-to-face visits and telehealth for children and adolescents with overweight
and obesity reported improvement in weight outcomes.'®® In adults with T2DM, telehealth has been associated with
weight reduction and better glycemic control.''
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Psychosocial Approach

Psychosocial factors constitute a major challenge in management of T2DM in adolescents. Almost one in five
adolescents with T2DM has depression.*’ Both the TODAY and the SEARCH study group did not demonstrate
a correlation between depression and poor glycemic control.'''!'? However, deterioration in quality of life secondary
to the psychological burden of diabetes has been associated with worse glycemic control.''' In adults, the estimated
prevalence of depression among patients with T2DM is 25% and has been associated with worse glycemic control among
those patients.''> Therefore, youth with T2DM should be screened for mental health comorbidities at diagnosis and at
every follow-up visit and referred to behavioral health professionals when indicated.**'

The severity of depression and the timing of these symptoms can have an impact on T2DM outcome.*' In addition to
depression, distress related to T2DM diagnosis can be another predisposing factor as well. Also, symptoms associated
with diabetes can have an impact on individual’s lifestyle being more sedentary, having disturbed sleep pattern, poor
medication adherence and following unhealthy eating habits.*' Several antidepressants and psychotropic medications
have been associated with weight gain and therefore it is important to use medications that are weight neutral or are
associated with weight loss when treating depression or other mental health in adolescents with T2DM."'

Family readiness and involvement in managing their children with T2DM and obesity is crucial and facilitates
engagement with treatment recommendations.*>*® Families of patients with T2DM are subjected to multiple financial
and social stressors.''> Therefore, all youth with T2DM and their families should receive thorough education regarding
weight management and the education should be culturally appropriate and should address the different socioeconomic,
psychosocial and financial barriers®® (Table 2). All these reasons speak to the importance of social work as part of an
effective team. Similarly, behaviorally trained professionals such as psychologists and dieticians are essential to
modifications in dietary habits and physical activity (Figure 1).

Data on the impact of psychological interventions on weight management or glycemic outcomes in children and
adolescents with T2DM are lacking. In adults with T2DM, cognitive behavioral therapy along with lifestyle intervention
has been associated with better glycemic outcomes.*' A family centered approach that focuses on family’s involvement

« Adequate glycemic control » Moderate to vigorous physical
. . 2 ) activity 30-60 minutes 25
« Screening for diabetes days/week
associated comorbidities o -
) . « Periodic RD visits/healthy
« Screening for obesity related dietary habits
complications i
- . « Weight management camps,
+ Pharmacological/Surgical e mobile applications and active
intervention video gaming
Diabetes/obesity Sedentary
Related complications lifestyle
& o
m
+ Cognitive behavioral therapy @ @ H fel « Increase utilization of telehealth
» Family centered approach to —I E E visits
improve coping and parenting Eating disorders/ + Access to healthcare/ + Health care policies that aim to
skills Mental health disorders Financial barriers improve insurance coverage
+ Periodic screening for ‘ . + Social support to overcome
depression family socioeconomic barriers
LA] =
Lack of Patient
family support awareness
« Thorough diabetes education to
patients and their families
« Use of interpreting services to
overcome language barriers
« Motivational interviewing to
improve patient’s compliance
Figure | Strategies to address barriers affecting weight management in adolescents with type 2 diabetes.
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in the child’s treatment, adaptive and maladaptive interactions secondary to child’s T2DM and obesity can be helpful to
overcome these psychosocial barriers."'®!"” Also, the home settings play a fundamental role changing child’s daily
routine. Involvement of parents is an essential component of disease management in this group of adolescents.''®
Supportive family environment includes adherence to dietary recommendations and helping the child with being
physically active and engage in less sedentary behavior. Families should receive support about how to manage the
anxiety burden of new diabetes diagnosis.''®'"”

Language differences between providers and patients can be a barrier to effective healthcare delivery. In one study,
65% of pediatric endocrine and diabetes specialists reported difficulties in delivering care to their patients due to
language barriers.*® Therefore, having diversity in work force and providing interpreting services in different T2DM

pediatric centers are essential to provide proper family education and awareness of their child management plan.

Pharmacological Interventions

Pharmacologic therapy in conjunction with lifestyle modifications is recommended in all adolescents at the time of
diagnosis of T2DM. The decision regarding which medication should be initiated depends on patient’s metabolic status.*
Metformin and glucagon like peptide —1 (GLP-1) agonists are the medications approved by the Food and Drug
Administration for adolescents with T2DM that do not present with ketosis or ketoacidosis at the time of
diagnosis."?*"?!" Insulin (basal or short acting) is recommended in those that present with ketosis/ketoacidosis or those
with an HbA1c greater than 8.5%. Table 3 details the weight outcomes with various medications used for weight loss in
adolescents with obesity.

Metformin

Metformin is the first-line therapy for treatment of T2DM in metabolically stable patients. It is often initiated as
monotherapy in asymptomatic patients with HbAlc < 8.5% or in combination with a GLP-1 analog or basal insulin
for symptomatic patients with HbAlc > 8.5% in the absence of ketosis or ketoacidosis.*

In children and adolescents with obesity, metformin may have modest weight reduction effect in a subgroup of
patients. In a systematic review, metformin was associated with decrease in BMI by 1.16 kg/m? after 6 months treatment
duration.'?® The weight loss effect was noted to be small but significant in children and adolescents of Hispanic ethnicity,
those with acanthosis nigricans, those with baseline BMI below 35 kg/m?, and those with failure of diet and exercise
programs.'?® In the TODAY study, the percentage of patients who were able to achieve weight loss target while on
metformin plus lifestyle interventions group was 31.2% versus 24.3% for those who were on metformin alone.'*? The
change in percent overweight from baseline was not different between the metformin and the metformin plus lifestyle
group suggesting that metformin itself may have a beneficial effect on weight status in adolescents with T2DM.
Metformin is not approved by FDA for weight management in children. However, it has been widely used as off-label
for weight reduction in children and adolescents with obesity.'>> The most common side effects of metformin are
gastrointestinal disturbances, such as diarrhea, nausea, and vomiting. In a systematic review, 26% reported gastrointest-

inal side effects relative to 13% in the control group. However, no serious side effects have been reported.'*°

GLP-1 Agonists

Both, daily GLP-1 agonist liraglutide or weekly GLP-1 agonist exenatide have been approved by the United States Food
and Drug Administration for treatment of T2DM in children and adolescents above 10 years of age. As the post-prandial
insulin release is usually blunted or impaired in patients with T2DM, GLP-1 agonists improve glycemic control by
enhancing post-prandial insulin release. Additionally, these drugs delay gastric emptying and increase beta cell life span
by inhibiting their apoptosis. GLP-1 agonists also improve insulin sensitivity by increasing peripheral glucose uptake by
muscles and decreasing hepatic glucose output. An indirect mechanism to improve insulin sensitivity is weight reduction.
The weight loss effect of these medications is mainly attributed to delayed gastric emptying and appetite suppression
through direct effect on the hypothalamus.'** Liraglutide is also approved for weight loss in adolescents 12 years of age
or older. However, the approved dose for weight management is higher (3 mg daily) than the dose for T2DM
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Table 3 Pharmacologic Agents Used for Weight Management in Children and Adolescents with Obesity

difference in BMI —1.11[~1.67, —0.55]kg/m?, and in
body weight —2.02[—4.54, 0.49] kg'*®

Drug Name Weight Loss Outcome Comment Potential Side Effects
Metformin Systematic review: Decrease in BMI by 1.16 kg/m? | Approved by FDA in children 10 years Gastrointestinal disturbances
after 6 months'?° of age or older with T2DM. Not (nausea, vomiting, diarrhea,
approved for weight management in abdominal discomfort)
children Less common, Vitamin BI2
deficiency and lactic acidosis
Liraglutide Meta analysis of randomized clinical trials: mean Approved by FDA for weight Gastrointestinal disturbance
difference in BMI —1.58 [-2.42, —0.7] kg/m? and in | management in adolescents |2 years of | (nausea, diarrhea, vomiting)
body weight —1.51[-2.85, —0.17] kg'*® age or older Less common, hypoglycemia,
elevated transaminases, and
pancreatitis
Exenatide Meta analysis of randomized clinical trials: mean Approved for children 10 years of age Same as Liraglutide

or older with T2DM

Semaglutide

Double blind randomized placebo control trial:

BMI reduction by 16.1% from baseline relative to

0.6% in placebo treated group'°

Approved by FDA for weight
management in adolescents |2 years of

age or older

Same as Liraglutide

Phentermine

Retrospective chart review: percent change in BMI
—1.6%(—2.6, —0.6%;P=0.001) at | month and
—4.1%(—7.1,—1%; P=0.009) at 6 months compared

with standard of care alone'3®

Approved for weight management for

adolescents > 16 years of age

Insomnia, dry mouth,
increased heart rate, anxiety,

increased blood pressure

Phentermine/

Randomized double- blind clinical trial: percent

Approved by FDA for weight

Phentermine: Insomnia, dry

reduction by 0.55 kg/m? in orlistat group and
increased by 0.31 kg/m? with placebo (P=0.001)'*?

topiramate change in BMI at week 56, difference from placebo | management in children 12 years or mouth, increased heart rate,
—10.44 percentage points (—13.89 to —6.99, older anxiety, increased blood
P<0.001) with top dose (phentermine 15 mg/ pressure
92 mg topiramate) and —8.11 (=11.92 to —4.31; Topiramate: cognitive
P<0.001) with mid dose (7.5 mg/46 mg)'* dysfunction, metabolic
acidosis, teratogenicity, and
kidney stones
Orlistat Randomized double blind control trial: BMI Approved by FDA for weight Abdominal pain, fecal urgency,

management for adolescents |2 years

and older

nausea, fatty/oil stool, soft

stool

management (1.8 mg daily). Semaglutide, another GLP-1 agonist that is given subcutaneously once a week was recently

approved by the FDA for weight management in children 12 years of age and older.

In a systematic review of nine randomized controlled trials including 286 children under 18 years of age with obesity,

prediabetes or T2DM that were treated with GLP-1 agonists, the use of a GLP-1 agonist was associated with an average

weight reduction of 2.7 kg. This effect was observed more in patients with higher BMI status.'*

The favorable effect of GLP-1 agonists on weight in adolescents with T2DM when used with metformin has been

shown in a randomized control trial including 134 children and adolescents (age 10-17 years) with T2DM. The
liraglutide group had a weight loss of 2.3 kg at week 26 relative to weight loss of 0.99 kg with placebo. However, the
weight loss was only maintained in the liraglutide group at week 152—1.91 kg versus 0.87 kg with the placebo.'* Similar
number of patients reported adverse events in the liraglutide and placebo groups. However, the overall rates of adverse
events and gastrointestinal side effects were higher with liraglutide. Liraglutide was efficacious in improving glycemic
status with the liraglutide group having a reduction of hemoglobin Alc by 0.64% and the placebo group having an

increase in Alc by 0.42% at week 26. In adults, worst weight response was noted in those with higher baseline weight.'?”
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In children and adolescents with obesity, a meta-analysis has shown that GLP-1 agonists (liraglutide or exenatide)
have been associated with modest reduction in BMI [mean difference - 1.24[—1.71, —0.77)] kg/m? and in body weight
[mean difference —1.5 (—2.5, —0.5) kg].'*® The study included 6 trials with liraglutide and 3 trials with exenatide.
Subgroup analysis to compare the efficacy of both drugs did not reveal significant difference between both drugs in
lowering BMI (exenatide (MD —1.11 [-1.67, —0.55] kg/m?, 1> 0%) and liraglutide (MD —1.58 [-2.42, —0.70] kg/m?,
I 0%)). The glycemic status did not appear to impact the effect of GLP-1 receptor agonists on reduction of weight or
BMI. Modest decrease in systolic blood pressure was noted, though there were no improvements in lipid profile.
Increased risk of nausea was noted.'?® Other side effects of GLP-1 agonists include vomiting, diarrhea, abdominal
pain, hypoglycemia, elevated transaminases, and pancreatitis.'*®

Semaglutide is showing promising weight reducing effect in adults with obesity and T2DM compared to
liraglutide.'* In a double-blind randomized, placebo-controlled trial with semaglutide, including a total of 180 adoles-
cents (age from 12 to <18 years), the mean change in BMI from baseline in the treatment group was 16.1% relative to
0.6% in the placebo group.'*°

Tirzepatide is a dual GLP-1 and glucose dependent insulinotropic peptide (GIP) receptor agonist that has been shown
to cause substantial weight loss in adults.'*' There is an ongoing clinical trial to demonstrate the metabolic and weight

reduction effect of tirzepatide in adolescents (National Library of medicine, NCT number: NCT05260021).

Insulin

Insulin therapy is commonly associated with weight gain.'**'** The weight gain is secondary to catch up in weight after
previous weight loss, reduction in glucosuria, increase in appetite and conscious or subconscious overeating due to fear
of risk of hypoglycemia.'>® Strategies to limit insulin-associated weight gain include limiting the total dose of the insulin
by increasing physical activity that promotes insulin sensitivity and using oral antidiabetic medications, such as

metformin or GLP-1 analogs that are associated with weight loss.'*

Other Pharmacologic Options

Topiramate is a medication that has been used for treatment of epilepsy and migraine prophylaxis in children. It has been
shown to lead to weight loss through its central effect on neurotransmitters. In a double-blind randomized control trial in
overweight and obese adults with T2DM, topiramate was associated with a reduction in body weight by 6.6 + —3.3 kg
and decrease in body fat in lean body mass.'** There was decrease in daily average energy intake in the topiramate
group. Additionally, there was reduction in hemoglobin Alc by 1.1 +—0.9%."3* Other studies have demonstrated modest

reduction in BMI when used as a monotherapy in children and adolescents with severe obesity.'*>'?¢ As

topiramate is
a teratogen and can decrease the efficacy of oral contraceptives, female adolescents that are started on topiramate should
be counseled against pregnancy.

Phentermine is a sympathomimetic stimulant medication that potentiates the release of norepinephrine in the
hypothalamic region causing satiety.'>”!*® In a retrospective chart review of adolescents receiving weight management
services in a pediatric clinic, greater reduction in BMI was noted at 1 month (—1.5%, 95% CI: —2.6, —0.6%; P=0.001), 3
months (—2.9%, CI —4.5, —1.4%, P<0.001) and 6 months (—4.1%; 95% CI: —7.1, —1%, P=0.009) in comparison with
standard of care lifestyle modification therapy in children with obesity.'*®

A combination of both topiramate and phentermine has been approved by FDA for treatment of children with obesity
>12 years of age."*” In a double-blind randomized placebo-controlled trial including 233 adolescents with obesity from
12 to 17 years of age, the efficacy of two different phentermine/topiramate dose combinations (high dose 15 mg of
phentermine and 92 mg of extended release topiramate and mid-dose of 7.5 mg of phentermine and 46 mg of extended
release topiramate) in addition to lifestyle interventions was examined. After 56 weeks of treatment, the high-dose
treatment group had mean BMI reduction of 10.44% relative to the placebo group and the mid-dose had a slightly lower
reduction of 8.11%. Adverse events were reported almost equally between high dose and placebo group (51.8% vs
52.2%). However, these side effects were less frequently reported in mid-dose group (37%).'*

Currently, there is an ongoing Phase I clinical trial to evaluate the efficacy of phentermine and topiramate combina-

tion in adolescents with T2DM (National Library of medicine, NCT number: NCT(04881799).
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Orlistat is another medication that is approved for weight management in adolescents with obesity. Orlistat acts by
inhibiting gastric and pancreatic lipases preventing the absorption of free fatty acids."*' A randomized, double-blind
study including 539 adolescents with obesity demonstrated a mild BMI reducing effect in the orlistat group by 0.55 kg/
m? relative to the control group after 54 weeks of treatment.'** There were no significant differences in glucose levels
between the 2 groups. Though the 2-hour insulin levels for those receiving orlistat were lower than at baseline, the
decrease was not significantly different from that in the placebo group. Gastrointestinal side effects were common in the
orlistat group reaching up to 50%, which limit the tolerability of the medication for many patients.'*?

Sodium-glucose co-transporter 2 (SGLT2) inhibitors block the renal reabsorption of glucose thereby increasing
urinary glucose excretion and lowering plasma glucose level.'***'** SGLT2 inhibitors have been associated with modest
weight loss in adults.'*> However, pediatric data on SGLT2 inhibitors in adolescents are limited. Dapagliflozin was not
associated with any change in BMI z score in a multicenter, placebo-controlled, double-blind randomized Phase 3 study

in youth and young adults with T2DM.'*¢

Metabolic and Bariatric Surgery
Metabolic and bariatric surgery (MBS) should be considered as an option for weight loss for adolescents who have T2DM
with class II obesity (BMI percentile >120% of the 95th percentile to <140% of the 95th percentile or BMI > 35 kg/m” to
<40 kg/m?, whichever is lower) or class III obesity (BMI percentile >140% of the 95th percentile or >40 kg/m?).'*”-'*® MBS
should not be considered in the presence of medically correctable cause of obesity, a medical, cognitive, psychosocial
condition affecting the adherence to postoperative recommendations, lack of patient’s or family’s motivation to abide by
post-surgical recommendations and current or planned pregnancy within 12 to 18 months of the surgery.'”'*®

MBS is associated with excellent weight loss and remission of T2DM in adolescents. The two most performed
procedures in adolescents are the laparoscopic sleeve gastrectomy and the Roux-en-Y gastric bypass (Figure 2). In the
TEEN-LABS consortium study, among 242 adolescents who underwent MBS, mean weight decreased by 27% three
years post-surgical intervention.'*® There was no significant difference in weight reduction between patients who
underwent Roux-en-Y gastric bypass (161 participants) or sleeve gastrectomy (67 participants) (28% vs 26% respec-
tively). Additionally, 95% (95% CI; 85 to 100) of patients who had T2DM at the time of surgery were able to achieve
remission. Similarly, high rates of remission were noted for other comorbidities (86% for abnormal kidney function, 76%
for prediabetes, 74% for elevated blood pressure and 66% for dyslipidemia).'*’
When comparing the data of 30 adolescents in the Teen-Longitudinal Assessment of Bariatric Surgery (Teen-LABS) who

had T2DM at the time of their MBS (24 underwent Roux-en-Y gastric bypass and 6 underwent vertical sleeve gastrectomy) to

Vertical sleeve Roux-en-Y
gastrectomy bypass
New
stomach Gastric
pouch Q pouch

(gastric sleeve)

Bypassed
portion of
stomach

Duodenum

Stomach
/ N removed
\(/‘ Bypassed

duodenum © Mayo Clinic
Jejunum
Figure 2 Commonly performed metabolic and bariatric procedures performed in adolescents.
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63 adolescents in the TODAY study (medical controls) matched by baseline age (13—18 years), race, sex, ethnicity, and
baseline BMI (>35), surgical intervention was associated with a decrease in BMI by 29% relative to a 3.7% increase in the
TODAY participants.'>® Also, patients in the Teen-Labs group had better glycemic control with a mean reduction of HbA lc by
1.3% in the Teen-LABS group relative to patients in the TODAY group who had increase in their HbAlc by 1.4%."°
Similarly, Teen-LABS group showed better improvement in other comorbidities relative to TODAY group.'>’

Despite the potential cardiometabolic benefits of MBS, these procedures have been associated with potential risks,
including vitamin and mineral deficiencies and need for additional surgery for complications possibly related to surgery.'>
Therefore, surgical intervention should be considered for weight loss when medical treatment fails to achieve weight loss.

There are significant barriers to surgery in adolescents that qualify for MBS. These include a stigma around MBS as
treatment for obesity, lack of access due to insurance coverage, lack of awareness amongst physicians about the benefits
of MBS and family concerns about a surgical procedure during adolescence.'>' Additionally, despite higher prevalence of
obesity and T2DM in ethnic minorities, white adolescents undergo MBS more frequently than Blacks (2.5 times higher)
and Hispanics (2.3 times). Almost two thirds of adolescent bariatric surgeries in the Bariatric Outcomes Longitudinal
Database, a national database that collects bariatric surgical care data in the United States were performed in White
youth.'>* Therefore, there is need to address racial and ethnic disparities in access to MBS.'>

Less invasive surgical procedures, such as endoscopic intragastric balloon have been considered as an option when
surgical intervention is not feasible. In a retrospective longitudinal study including 27 adolescents with obesity treated
with intragastric balloon (age 14—19 years), mean BMI decreased from 37.04 to 31.18 kg/m? in 6 months period with no
serious side effects reported.'>* Similar favorable outcome has been shown when a swallowable intragastric balloon was
used in 16 children with obesity. Their mean weight decreased from 95.8 = 18.4 kg to 83.6 + 27.1 kg.'*> Currently, there
is an ongoing clinical trial to estimate the efficacy of intragastric balloon in adolescent population (National Library of
Medicine, NCT number: NCT03233048).

Aspiration therapy is an innovative modality for weight management. A percutaneous gastrostomy tube allows
patients to remove a portion of their ingested meals with subsequent lower caloric consumption.'>® Aspiration therapy
has been approved for weight management in adults. There is an ongoing clinical trial to evaluate the weight reduction
effect of aspiration therapy in adolescents (National Library of Medicine, NCT number: NCT03598920).

A family-centered approach is crucial when considering surgical intervention to ensure that adolescents and parents/
caregivers understand and are willing and able to follow post-surgical requirements. Comprehensive psychosocial
evaluation, is important for assessing factors that could influence adherence and post-surgical outcomes, determining
psychosocial readiness for surgery, and recommendations to mitigate contra-indications (eg, treatment for poorly

managed psychiatric conditions, eating disorders, or substance abuse).'*’

Conclusion

The rising prevalence of T2DM among adolescents is posing a major challenge to the healthcare system. Weight
reduction via lifestyle interventions is an essential component for management of adolescents with T2DM.
Adolescents with T2DM have various biological, socioeconomic, cultural, psychological, and financial barriers to weight
management. A multidisciplinary approach that is family focused and is delivered in a culturally appropriate manner is
recommended to achieve weight management in youth with T2DM. Lifestyle interventions and pharmacotherapy have
shown modest efficacy in achieving weight reduction in adolescents with T2DM. Bariatric surgery is associated with
excellent weight reduction and remission of T2DM in youth. Emerging therapies for weight reduction in youth include
digital technologies, newer GLP-1 agonists and endoscopic procedures.
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