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Disclosures

• Speaker for Pri-Med
• Site PI for Eli Lilly Study
• I will be discussing some “off – label” use of medications



Real Life Situation

• RH is a 17-year-old female 
with Trisomy 21, stable CHD, 
hypothyroidism, and weight 
struggles

• Increasing BMI especially 
since puberty

• Family history of T2D and 
obesity



Questions?

• Could this be prevented or delayed?
• Is this also possible in DS?
• What are the long-term complications if this weight struggle goes 

unchecked?
• How can we manage this?



Objectives

1. Discuss the unique aspects of obesity in individuals with Down Syndrome

2. Discuss some strategies to maintain healthy lifestyle and “optimal weight”

3. Explore some of the commonly used anti-obesity medications 



Epidemiology of Obesity in Neuro-atypical Adolescents

IDD Adolescents are 1.5x more likely to be 
diagnosed with obesity

Down Syndrome
● Higher rates of overweight/obesity in 

children and adults with DS as 
compared with non-DS

● Females have higher rates than males

Janicki et. al: Alzheimers Dement (Amst) 2022; CDC – 2018; Bertapelli et al: 
Research in Dev Disabilities 2016

Comparisons of body mass index (BMI) between youth with 
and without Down syndrome (DS and non-DS, 

respectively). 

Review of 45 original research articles published between 1988 
and 2015
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While these statistics reflect the general population of adolescents in America, there is an even more alarming rise in obesity specifically among neuroatypical adolescents. 
Studies have demonstrated that neuroatypical adolescents are 1.5x more likely to be diagnosed with obesity
Autistic Adolescents are 2x more likely to be diagnosed with obesity and 50% of Down Syndrome adolescents  are as well 



Pathophysiology of Obesity – Caloric Imbalance +++

Calorie 
Intake

Calorie 
Expenditure

Regulated by Brain

Influenced by factors: 
Microbiome

Metabolic state  
Inflammation



Weight and Energy Balance 

• Regulated by brain

• Body strives to maintain constant adipose tissue
Examples:
 To maintain adult body weight within 20 lbs, you can only consume one extra 

potato chip a day. Many adults maintain body weight within 20 lbs – so the fat 
mass regulation works
 Weight lost during acute illness is regained

• Fat mass is not regulated in obesity



Control of Food Intake and Appetite

• Homeostatic
Response to Energy Requirement
Mainly under hypothalamic control
The system is very sensitive to negative 

energy balance but comparatively tolerant of 
positive energy balance

• Hedonic
Role of Pleasure in Eating/ Reward
Corticolimbic Pathways

• Cognitive
Prefrontal Cortex

In a food replete modern world, cognitive 
and emotional factors can overpower 
energy balance regulation

Farr et al: Metabolism 2017
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Homeostatic control refers to the alteration in consumption
of food that follows sensing of energy balance.

Non-homeostatic control of food intake is
modulated by hedonic mechanisms, reward pathways, and
previous experience with food (mnemonic pathways).



Factors Attributing to Increased Weight Gain

Genetics

Processed diets
Irregular eating 

pattern

Inadequate 
physical activity 

Inadequate 
sleep Stress

Weight 
increasing

medications

Life changes 
(aging, pregnancy, 

menopause)
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Factors Unique to Down Syndrome

Genetics

Processed diets
Irregular eating 

pattern

Inadequate 
physical activity 

Inadequate 
sleep Stress

Weight 
increasing

medications

Life changes 
(aging, pregnancy, 

menopause)

• Food 
Selectivity

• Adherence 
to Routine

• Hypotonia
• Low REE
• Fatigue

• Sleep Apnea
• Chronotropic 

incompetence

• Assimilation in the 
social structure

• Chronotropic 
incompetence

• Psychotropics
• Hypothyroidism
• ALL and its Rx

• Mobility Issues
• Osteoarthritis

• Cognitive 
decline
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How do we diagnose obesity? - Using Growth charts in Children

• For children and adolescents with DS, the 85th percentile on the CDC BMI growth charts is a better indicator of excess 
adiposity than the 85th percentile on the DS-specific BMI growth charts 

• DS-specific charts are an excellent method to compare patients with DS to their DS peers
• CDC BMI charts should be the preferred method for the early identification obesity in children with DS



Adult Obesity starts in Childhood

Childhood Obesity Tracks into Adulthood

Ward ZH, NEJM 2017



Prevalence of Cardiometabolic Risk Factors by Weight Status
in Children and Adults

Multivariable models that 
controlled for age, race or ethnic 
group, and sex showed that the 
greater the severity of obesity, 
the higher the risks.

Adapted from Skinner AC et al. N Engl J Med 2015; Ptomey L et al: J Intellect Disabil Res 2020

Obesity in DS increases the susceptibility for dyslipidemia, hyperinsulinemia, 
obstructive sleep apnea, certain types of malignancies and abnormal gait
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Objectives

1. Discuss the unique aspects of obesity in individuals with Down Syndrome

2. Discuss some strategies to maintain healthy lifestyle and “optimal weight”

3. Explore some of the commonly used anti-obesity medications 



AAP Recommendations - Intensive Health Behavior and 
Lifestyle Treatment (IHBLT)

Adapted from Hampl SE et al. Pediatrics 2023.

Intensive Health Behavior and Lifestyle Treatment (IHBLT)

Patient and 
family in 
partnership 
with a 
multidisciplinary 
treatment team*

WHO:

Promptly for child 
or adolescent 
with overweight 
or obesity

WHEN:

Health education 
and skill building 
on multiple topics

WHAT:

Behavior 
modification and 
counseling

Longitudinal 
treatment across 
3-12 months with 
ideally ≥ 26 
contact hours

DOSAGE:

Healthcare 
setting

WHERE:

Community-
based setting 
with linkage to 
medical home

Face-to-face 
(strongest 
evidence)

CHANNEL:

Virtual 
(growing 
evidence)

Group,

FORMAT:

Both

Individual, or

+
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Healthy Lifestyle: 5-2-1-0 rule applies to all children

No screen time for children younger than 2 years.

DSMIG- Work in Progress







DSMIG- Lifestyle Working Group

DSMIG- Work in Progress



DSMIG- Lifestyle Working Group

DSMIG- Work in Progress



Lets’ Get Moving

DSMIG- Work in Progress



Lets’ Get Moving

DSMIG- Work in Progress



Easier to Eat 
Healthier Than 
Exercising ALL 
THE TIME



Unpublished work DSMIG Obesity Working Group



Real Life Situation

• Trying hard
• Dancing every day as a family

• Mom cooking at home and monitoring 
her food
• Still no weight loss
• Sleep apnea is a concern – does not 
keep the mask on- mom states that she 
has not slept a full night in years



Objectives

1. Discuss the unique aspects of obesity in individuals with Down Syndrome

2. Discuss some strategies to maintain healthy lifestyle and “optimal weight”

3. Explore some of the commonly used anti-obesity medications 



Multimodal Obesity Treatment Approach

Lifestyle Interventions

Anti-obesity Medications

Bariatric Surgery



Another Real Life Example - AP

23 y/o young lady with Down syndrome, S/P DVT and pulmonary embolism, sleep 
apnea (managed with CPAP), anxiety and obesity

Following a healthy lifestyle to the best of her families’ abilities
Added Phentermine 8 mg

BMI
Weight             



Anti Obesity Medication: Qsymia
56-week, randomized, double-blind trial enrolled adolescents 12 to less than 17 years of age with obesity

Kelly AS et al: NEJM Evid Jun 2022



Efficacy of Phentermine in DS as compared with non-DS

DS-GLP1 
(n=37)

DS-Phen
(n=14)

Non DS-Phen 
(n=44)

Age (years) 38.0 (25.0-43.0) 27.0 (22.8-41.5) 24.5 (23.0-26.0)

Female n (%) 24.0 (64.9%) 9.0 (64.3%) 35.0 (79.5%)

Weight (kg) 92.2 (76.5-104.4) 77.7 (74.6-86.2) 105.5 (94.0-122.0)

Height (cm) 149 (145.3-154.9) 149.2 (142.9-154.3) 165.1 (160.0-170.2)

BMI (kg/m2) 40.1 (35.5-44.1) 34.5 (32.6-42.7) 40.0 (35.8-43.8)

A1c (%) 5.3 (5.0-6.0) 5.1 (4.7-5.6)

Single center Electronic Chart review of 95 Individuals with and without who have obesity 
between 2015-2021

Unpublished Data



Efficacy of Phentermine in DS as compared with non-DS

Unpublished Data

DS-Phentermine Non DS-Phentermine

Mean weight loss of 10.28 (+/- 3.98) kg Mean weight loss of 14.4 (+/- 2.98) kg

P=0.39 between groups



Anti-Obesity Medication – Glucagon Like Peptide-1 Analogs

• Mechanism of action:
• Reduces hunger
• Increases satiety
• Decreases gastric emptying
• Central effect on hypothalamus

• FDA approved in children after 12 years for 
obesity and after 10 years for T2D

• Side effects: 
• Nausea/Vomiting
• Headaches
• Pancreatitis

• Thyroid C-cell tumors in rodents 
(Contraindication if personal/family history 
of MEN)

Adapted from Apovian, et al. JCEM, 2015; Drucker et al: Cell Metabolism 2006
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Efficacy of Liraglutide – RCT in Adolescents With Obesity

Kelly A et al: NEJM 2020 

RCT with 56-wk treatment and a 26-wk follow-up

Adolescents (12 to <18 yrs) with obesity and a poor 
response to lifestyle therapy alone

Randomly assigned (1:1) to either liraglutide (3.0 mg) or 
placebo subcutaneously once daily in addition to lifestyle

125 liraglutide/ 126 placebo 

Reduction in BMI of at least 5% - 51/113 liraglutide  and 
20/105 placebo 
Reduction in BMI of at least 10%  -33/113 liraglutide and 
9/105 placebo



Efficacy of Semaglutide – RCT in Adolescents With Obesity

Weghuber D et al: NEJM 2022 

RCT with 68-wk treatment and a 26-wk follow-up

Adolescents (12 to <18 yrs) with obesity and a poor 
response to lifestyle therapy alone

Randomly assigned (2:1) to either Semaglutide (dose 
escalation- 0.25. 0.5, 1, 1.7 and 2.4 mg) or placebo 
subcutaneously once daily in addition to lifestyle

201 randomized- 180 completed the study (90%) 
Mean initial BMI: 37 ± 6 kg/m2



Efficacy of Phentermine in DS as compared with non-DS

Unpublished Data

DS-Phentermine Non DS-Phentermine

Mean weight loss of 
10.28 (+/- 3.98) kg

Mean weight loss of 
14.4 (+/- 2.98) kg

P=0.39 between groups

DS- GLP-1

Mean weight loss of 
3.84 (+/- 2.42) kg



Efficacy of  GLP-1 and Phentermine in DS

Unpublished Data

DS-Phentermine Non DS-
Phentermine

DS- GLP-1 DS- GLP-1 DS-Phentermine Non DS-
Phentermine



• Mechanism: activation of AMP protein kinase; decreased gluconeogenesis
• FDA approved >10 y/o for diabetes
• Efficacy: 3.3 kg placebo-subtracted weight loss
• Preferred if: 

1.Antipsychotic induced weight gain
2.Associated PCOS
3.Prediabetes

• Adverse effects : 
1. GI including bloating, diarrhea (slow titration with meals)
2. Lactic acidosis is very rare
3. Monitor Vitamin B12 levels after prolonged use

Anti Obesity Medication: Metformin 



Improving Metabolic Parameters in Antipsychotic Child 
Treatment (IMPACT): Randomized 24-week clinical trial
• Youth aged 8-19 years with overweight/obesity psychiatrically stable

• DSM-IV diagnosis of severe mental illness (schizophrenia spectrum 
disorder, bipolar spectrum disorder or psychotic depression)

• Developed substantial weight gain following treatment with a second-
generation antipsychotic

Randomized to 
1. metformin (MET) n= 49
2. antipsychotic switch (aripiprazole) or, if already exposed to that 

drug, perphenazine or molindone; SWITCH n=31
3. Continued baseline antipsychotic (CONTROL) n=47

All participants received healthy lifestyle education

Metformin in Antipsychotic induced Weight Gain

C U. Correll et al World Psychiatry 2020

BMI z-score decreased significantly with 
MET (–0.09±0.03, p=0.002) and SWITCH 
(–0.11±0.04, p=0.003), while it increased 
in CONTROL (week 24: +0.04±0.03)



MBS – Types and Indications
INDICATIONS:
1. BMI ≥35 kg/m2 or ≥120% of the 95th %ile with 
one comorbid condition

• OSA  (AHI>5 events/h)
• Type 2 diabetes
• NASH
• HTN (on medications)
• PCOS

2. BMI ≥40 kg/m2 or ≥140% of the 95th %ile

CONTRAINDICATIONS:
• Pregnant or breast-feeding adolescents 

Unresolved substance abuse, eating disorder
• Untreated psychiatric disorder
• Suicidal attempt in the last year

ASMBS Pediatric Guidelines 2018 ( SOARD, 2018)



Weight Loss at 3 Years After Surgery- TEEN Labs

Inge TH et al: NEJM 2016

At 3 years:
• 26% of the participants no longer had 

obesity 
• 85-90% of participants had a 10% or 

greater reduction in BMI 



Case Series

Clinical Findings of Three Neuro-atypical Adolescents with Severe Obesity Who Underwent 
Bariatric Surgery

Unpublished Data
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Our case series followed the treatment process for three neuro-atypical adolescents who were diagnosed with severe obesity.
Our case series involved reviewing our patient’s medical records and interventions implemented by the healthcare care team.
Case A:  Was a 14 year-old female with Autism. Her initial weight was 306 lbs and BMI of 52.8. She also had the comorbidities of Polycystic ovarian syndrome and pre-diabetes. Behaviorally, she had limited verbal communication and was reliant on her mother as her primary caregiver and advocate. 
Case B: Was a 18 year-old female with Down syndrome and Autism. Her initial weight was 270 lbs and BMI of 61. She presented with the comorbidity of obstructive sleep apnea. Her severe obesity and sleep apnea had caused her to have significant levels of fatigue and back pain, which significantly impaired her quality of life and indirectly her behavior.
Case C: Was a 21 year-old female with Down syndrome. Her initial weight was 216 lbs and BMI of 48. She also presents with comorbidities of obstructive sleep apnea, pre-diabetes, hypertriglyceridemia, and hyperinsulinemia.




Special Considerations 
and Additional 
Requirements for 
Neuro-atypical 
Adolescents for 
Bariatric Surgery

Referral from Primary Care Pediatrician

Evaluation VisitSTAGE 1

● Neuropsychological/
● Cognitive Assessment

Obesity Medicine Physician Psychologist Bioethics TeamDietician
● Ethics Consultation

● Assessment of Living 
Situation and Support

● Assessment of Mental 
Health support

Program Visits

Dietician Psychologist

Individual Education Program ONLY

STAGE 2

STAGE 3
● Psychologists assess 

to upcoming 
transitions for every 
patient

Pre-Surgical Visit

Bariatric Surgeon

STAGE 4 Surgery (Sleeve Gastrectomy or Gastric Bypass)

STAGE 5 Post-op Visits (Monthly/Yearly)

Obesity Medicine Physician Dietician PsychologistBariatric Surgeon

Anesthesiologist
● Mock Admission
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For neuro-atypical adolescents, such as ones in our case series, they will require additional special considerations for weight loss surgery to be performed. 

During Stage 1: a neuropsych/cognitive assessment is performed by a psychologist to evaluate the adolescent’s level of cognition for understanding and participating in the Weight Loss program
The psychologist also assesses the living situation of the neuroatypical adolescent and the emotional support provided by their involved parent, family, and school counselor

A bioethics consultation is also performed to determine if the neurotypical adolescent is competent and capable of providing (assent) if under the age of 18. And (consent) if the adolescent is over 18. IF the adolescent is unable to provide either assent or consent a responsible party must be determined.

During Stage 2: The neuro-atypical adolescent does not participate in group education sessions as most have difficulty with social interactions and communication. Instead an Independent Educational Program or IEP is developed by the providers based on the adolescent’s needs. The psychologist is also responsible at this time to assessing upcoming potentially disruptive transitions for the adolescent such as changes in schools and living arrangements.

Sometimes during Stage 3: neuro-atypical patients meet with the bariatric surgeon and other members of the surgical team prior to the day of surgery at the hospital where a “mock admission” may be performed explaining the procedures performed on the day of surgery.



Metabolic and Bariatric Surgery as an Option

Preop Wt – 202 Lb
Post Op Wt – 172 lb
% TBW Loss  about 18%
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While the success of the neurotypical adolescent with severe obesity can be initially measured on the scale, the true success of the treatment and surgical outcomes need to be observed over the adolescents’ lifetime.
The three patients in our case series and the thousands more that will undergo weight loss treatment with bariatric surgery must rely on the family caregivers commitment to their success. The multidisciplinary healthcare team recognized this essential component to the success of each adolescent and developed strong relationships with each adolescent’s family caregivers. 
In conclusion, this case series demonstrates the tremendous benefit of a multidisciplinary health care team approach in treating neuro-atypical adolescents with severe obesity.
As the monstrous health issue of severe obesity in adolescents, in particular those with neuro-atypical disorders continue to rise it is imperative that our health care system increases the number of weight loss centers that provide this multidisciplinary healthcare team approach for all adolescents. 
QUESTIONS?



Topiramate

VSG



Summarize: Considerations in Individuals with Down syndrome

• Rates of Obesity are high and associated with complications
• CDC BMI growth charts are preferred for early detection of obesity
• Special considerations for weight gain – lower REE, associated health conditions and behavioral 

uniqueness
• Start monitoring weight early and make changes as a family
• No data on the effectiveness and side effects of AOMs in DS population
• MBS may be effective in DS
• We need clinical trials to evaluate the efficacy and safety of weight loss medications and/or surgery

in individuals with Down syndrome



Thank you for your attention!

vibhasinghal@mednet.ucla.edu







Anti Obesity Medication: General Principles

- Assess Readiness  (provider and family)
- Discuss the need for escalating treatment for health purposes (multidisciplinary team)
- Evaluate for complications and any high–risk situations
- FDA approval : above 12 years and with obesity (any severity), overweight with 

complications. Document off-label use and consent for treatment
- Discuss the need for long term treatment
- Discuss the need for ongoing healthy lifestyle
- Set realistic expectations (keeping in mind insurance coverage)



Advocacy to seek 
resources for 

appropriate Mx

Decrease Weight 
Bias/Shaming

Increase Outcomes 
Research
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