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Introduction  
Obesity has become an epidemic in the United States, impacting millions of adults and 

children across the country. For children and adolescents age 5 – 19, an estimated 14.7 

million are affected by obesity (1). Though initially thought to be a condition seen 

predominantly in high income countries, obesity rates are now rising in low- and middle-

income countries as well (2). The World Health Organization defines overweight and obesity 

in children age 5 – 19 as BMI-for-age greater than 1 standard deviation above the WHO 

Growth Reference median and BMI-for-age greater than 2 standard deviations above the 

WHO Growth Reference median respectively (2). While causes for obesity can be 

multifactorial, the consequences of increased BMI include increased risk of cardiovascular 

diseases, diabetes, musculoskeletal disorders, and even certain cancers (2). The prevalence of 

obesity has been shown to differ amongst various racial and ethnic groups, with prevalence 

among non-Hispanic black and Hispanic youth to be higher than among both non-Hispanic 

white and non-Hispanic Asian youth (3). Within these groups, Hispanic youth were found to 

have the highest prevalence, with 25.8% of Hispanic children and adolescents experiencing 

obesity (3). Childhood obesity is also associated with a higher chance of obesity, premature 

death, and disability in adulthood (2) making this population a prime target for therapeutics to 

prevent long-term health consequences.   

Metabolic and Bariatric Surgery  
Metabolic and bariatric surgery (MBS) is commonly used for treatment of severe obesity in 

adults after failed attempts at medical and lifestyle interventions. In the 1991 National 

Institutes of Health guideline for bariatric surgery, procedures such as the vertical banded 

gastroplasty (VBG) and Roux-en-Y gastric bypass (RYGB) were described for adults who 

met selection criteria for bariatric surgery, including those with a BMI ≥ 40 kg/m
2
 or BMI ≥  

35 kg/m
2
 with co-morbidities (5). However, recent guidelines released by the American 

Society for Metabolic and Bariatric Surgery (ASMBS) and the International Federation for 

the Surgery of Obesity and Metabolic Disorders (IFSO) recommend MBS for adults with a 

BMI ≥  35 kg/m
2
 regardless of the presence or absence of co-morbidities (5). ASMBS 

released similar guidelines for pediatric MBS in 2018, with indications including BMI ≥  40 

kg/m
2
 or 140% of the 95

th
 percentile, or BMI ≥  35 kg/m

2
 or 120% of the 95

th
 percentile with 

co-morbid conditions such as obstructive sleep apnea, type 2 diabetes mellitus, idiopathic 

intracranial hypertension, non-alcoholic steatohepatitis, slipped capital femoral epiphyses, 

gastroesophageal reflux disease, or hypertension (6). Patients and families should also be 

evaluated for their ability to adhere to pre- and postoperative treatments such as supplements 

to prevent micronutrient deficiencies (6). Contraindications for MBS in this population 
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include a medically correctable cause of obesity, a medical, psychiatric, psychosocial, or 

cognitive condition that prevents adherence to post-operative recommendations, an ongoing 

substance abuse problem, or current or planned pregnancy within 12 – 18 months of the 

procedure (6).  

 

Current procedures commonly used to perform MBS include laparoscopic RYGB and 

laparoscopic sleeve gastrectomy. Both procedures combine mechanisms of restriction, 

through reducing the size of the gastric pouch, and malabsorption, due to digestive contents 

bypassing regions of the small intestine needed for adequate nutrient absorption. RYGB is 

performed by creating a small gastric pouch using a stapling device, and then attaching it to a 

loop of the distal jejunum (7). As a result, food goes through the small gastric pouch and 

directly into the attached portion of small intestine, creating both a restrictive and 

malabsorptive effect (8). In a sleeve gastrectomy, however, over 80% of the stomach is 

resected, and the remaining gastric pouch is formed into a tube to induce a primarily 

restrictive effect (7). Other procedures previously used in adolescent MBS include gastric 

banding, which involves placement of an adjustable band to divide the stomach into a smaller 

pouch but is now used less frequently due to increasing need for revisional surgery in these 

patients (8,9).  

Metabolic and Bariatric Surgery Outcomes  
Studies surrounding the use of MBS in the treatment of adolescents with severe obesity have 

shown significant improvements in both weight and cardiometabolic health in this 

population. Teen-Longitudinal Assessment of Bariatric Surgery (Teen-LABS), a prospective 

study of MBS in adolescents, showed that the mean percent weight loss at 3 years following 

MBS was 27%, with a 28% mean percent weight loss in the group that underwent RYGB and 

26% in the group that underwent sleeve gastrectomy (10). At 3 years post-operatively, only 

2% of patients who underwent RYGB and 4% of patients who underwent sleeve gastrectomy 

exceeded their pre-surgical weight (10). Additionally, 74% of the participants who had 

elevated blood pressure prior to MBS saw their blood pressure normalize by 3 years after 

surgery, and similar trends were seen for participants who had dyslipidemia at baseline (10). 

The Adolescent Morbid Obesity Surgery (AMOS) study examining laparoscopic RYGB use 

in adolescents with severe obesity noted a 74-100% resolution of comorbidities and 

cardiovascular risk factors such as type 2 diabetes, dyslipidemia, and elevated blood pressure, 

in addition to substantial weight loss in this population (11). Inge et al. set out to compare the 

five-year outcomes of laparoscopic RYGB in adolescents and adults and found that there was 

no significant difference in percent weight change between the two groups (12). In fact, 

adolescents were more likely than adults to have post-surgical remission of co-morbid 

conditions such as hypertension and type 2 diabetes (12).  

 

With increasing evidence pointing to the benefits of MBS in the adolescent population, 

nutritional outcomes must also be considered, as there is a risk of long-term nutritional 

deficiencies following these procedures. Inge et al. followed micronutrient outcomes for 2 

years following RYGB and found low ferritin levels in 48% of adolescents 2 years post-

operatively (10). They also reported a low baseline 25-hydroxyvitamin D in 25% of 

adolescents, which increased to 38% of adolescents 2 years post-operatively (10). On the 

other hand, AMOS reported 63% of adolescents who underwent RYGB had vitamin D 

insufficiency at 5 years post-operatively, compared to 57% of adolescents in the control 

group (11). Low ferritin was also seen in 66% of adolescents who underwent RYGB, 

compared to 24% who had low ferritin or iron at baseline (11).  Given these findings, 

ASMBS guidelines note that it is important MBS patients receive a comprehensive pre-
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operative nutritional assessment examining their serum iron, ferritin, folate, total iron-binding 

capacity, thiamin, vitamin B12, vitamin A, vitamin B6, calcium, parathyroid hormone, 

alkaline phosphatase, vitamin D, phosphorous, magnesium and zinc levels (6,13). Adequate 

vitamin and mineral supplementation following MBS is also crucial to avoid nutritional 

deficiencies and changes in bone mineral density, warranting close follow up with a 

multidisciplinary team (13).  

Candidates for Metabolic and Bariatric Surgery 
Current ASMBS guidelines do not include cutoffs for tanner pubertal stage or linear growth 

in adolescents considering MBS (6). However, bariatric surgery was previously not suggested 

by some until patients had reached Tanner stage 3 or peak height velocity. Teen-LABS study 

participants were divided into two groups: ages 13 to 15 and ages 16 to 19 at the time of 

surgery (16). Five-years following surgery, both groups showed similar changes in BMI 

percentage from baseline (16). These groups also displayed similar resolution of hypertension 

and dyslipidemia, but younger adolescents had a lower likelihood of nutritional deficiencies 

post-operatively (16). These findings suggest a need for individualized assessment of 

adolescents considering MBS, as timing of MBS as a weight-loss intervention may be 

specific to each patient. Thorough discussions should be had between patients and physicians 

to determine optimal timing for surgery, with stages of pubertal and physical development as 

a consideration rather than a determining factor.  

 

It is currently unclear what the optimal timing for MBS would be in this population. The 

Follow-up of Adolescent Bariatric Surgery (FABS) study showed that adolescents who 

present at higher BMI values lose more weight post-surgically than those who present at 

lower BMI values (17). However, those with higher baseline BMI values were also found to 

plateau at a higher weight on average (17). It is important to consider the impact of delaying 

MBS until adulthood, particularly by examining the outcomes of MBS in adolescents when 

compared to adults. Five-year outcomes of the Teen-LABS study showed that weight loss 

overall was similar between both adults and adolescents who underwent MBS (18). 

Interestingly, adolescents had remission of type 2 diabetes and hypertension more often than 

their adult counterparts (18). Despite this, adolescents were more likely to undergo abdominal 

reoperation and experience nutritional deficiencies in the short-term (18). This data is 

important to consider when discussing the timing of MBS as an intervention in adolescents 

with obesity, as certain patients may benefit from surgery early on, while others may benefit 

from waiting until adulthood. This further highlights the need for comprehensive education 

for patients and families considering MBS, as potential risks should be reviewed and weighed 

on an individual basis under the guidance of health professionals.  

 

The growing prevalence of mental health disorders in adolescents necessitates a pre-surgery 

mental health evaluation. Rofey et al. found that adolescents with severe obesity have no 

higher self-reported rates of psychopathology than age-normative reference values (14). This 

suggests that adolescents with obesity are at no greater psychopathology risk than other 

adolescents. They also note that adolescents participating in non-surgical lifestyle 

modification programs presented with greater psychopathology (14). This affirms the need 

for mental health providers as members of the MBS evaluation team and raises the question 

of the role mental health conditions should play in evaluation of these patients as surgical 

candidates. ASMBS guidelines include a section regarding adolescent mental health, 

specifying that while active psychosis, suicidality and substance abuse are contraindications 

to MBS, the presence of mental health disorders should not preclude adolescents with obesity 
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from receiving MBS (6). However, they emphasize the need for close monitoring both pre- 

and post-operatively to reduce the risk of further mental health complications (6).  

 

While a standardized protocol for mental-health evaluation in adolescents with obesity has 

not been developed, Sysko et al. suggest an evaluation procedure that includes a clinical 

interview, self-report questionnaire, and cognitive assessment (15). In this evaluation, 

providers are also attempting to assess for any adherence issues with previous weight-loss 

attempts, as these may play a role in the patient’s ability to adhere to pre- and post-surgical 

recommendations (15). This evaluation also elicits information about the patient’s family 

environment, as this may also be a crucial factor in ensuring adherence to specific medical 

recommendations associated with this procedure (15). Even without a standardized protocol 

for mental health evaluation, it is important that mental health providers consider these 

aspects in adolescents who are considering MBS to optimize post-surgical outcomes and set 

these patients up for success.  

Conclusion 
Previously, MBS was often considered a last resort treatment for adolescents with obesity due 

to a scarcity of evidence detailing its effectiveness and long-term outcomes. However, studies 

have clearly shown that MBS should be considered in adolescents who meet eligibility 

criteria, particularly those with associated co-morbidities. Open communication between 

physicians, patients, and families is required to discuss the various risks and benefits of MBS 

in adolescents with obesity. This would hopefully allow for individualized treatment plans to 

be developed to ensure optimal surgical and non-surgical care outcomes in this population. 

Prior to undergoing MBS, it is also crucial that adolescent patients be evaluated holistically to 

consider their medical history, lifestyle, and mental health to determine if they are ideal 

candidates for surgical intervention. Physicians should also be cognizant of a patient’s ability 

to adhere to post-operative recommendations, including vitamin and mineral 

supplementation, to avoid post-operative nutritional deficiency.  

 

While requirements for medical intervention prior to surgical intervention are not as clearly 

outlined, it is important that MBS be considered a powerful tool alongside pharmacologic 

intervention in these patients. There is room for further study on the use of medications in 

conjunction with MBS, which may even prove to be an ideal treatment approach for obesity 

in adolescents. Additional studies examining the timing of MBS and its effect on adolescent 

growth and development may also provide insight on optimal timing for surgical intervention 

in this group. Due to the extensive pre- and post-operative planning and care required for 

these patients, multidisciplinary teams consisting of nutritionists, adolescent medicine 

physicians, pediatric surgeons, mental health professionals and other specialists may be best 

equipped to treat these patients and thus ensure they receive appropriate monitoring and 

follow up after undergoing MBS. Nevertheless, recent evidence suggests that bariatric 

surgery in adolescents may become standard of care, given findings of sustained weight loss 

and co-morbidity reduction, espousing a need for more physicians and surgical teams who are 

equipped to appropriately evaluate and manage this population.  
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