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Abstract

:

Pediatric obesity is a multifaceted disease that can impact physical and mental health. It is a complex condition that interweaves biological, developmental, environmental, behavioral, and genetic factors. In most cases lifestyle and behavioral modification as well as medical treatment led to poor short-term weight reduction and long-term failure. Thus, bariatric surgery should be considered in adolescents with moderate to severe obesity who have previously participated in lifestyle interventions with unsuccessful outcomes. In particular, laparoscopic sleeve gastrectomy is considered the most commonly performed bariatric surgery worldwide. The procedure is safe and feasible. The efficacy of this weight loss surgical procedure has been demonstrated in pediatric age. Nevertheless, there are barriers at the patient, provider, and health system levels, to be removed. First and foremost, more efforts must be made to prevent decline in nutritional status that is frequent after bariatric surgery, and to avoid inadequate weight loss and weight regain, ensuring successful long-term treatment and allowing healthy growth. In this narrative review, we considered the rationale behind surgical treatment options, outcomes, and clinical indications in adolescents with severe obesity, focusing on LSG, nutritional management, and resolution of metabolic comorbidities.
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1. Introduction


Recent data on obesity prevalence in youth present significant concerns. According to the World Health Organization (WHO), over 340 million children and adolescents aged between 5−19 years experienced overweight and obesity in 2016; moreover, data from the National Health and Nutrition Examination Survey (NHANES) [1] in the USA demonstrate high values: 16.1% of young people aged 2 to 19 are classified as overweight, 19.3% with obesity and 6.1% with class III obesity (severe obesity) [2]. Pediatric obesity is a multifaceted disease that can impact physical and mental health [2,3], a complex condition that interweaves biological, developmental, environmental, behavioral, and genetic factors, as with adults. Pediatric obesity is associated with a greater risk for premature mortality and earlier onset of chronic disorders such as Type 2 Diabetes [4], dyslipidemia [5], nonalcoholic fatty liver disease (NAFLD) [6], obstructive sleep apnea (OSA) [7], and polycystic ovary syndrome (PCOS) [8], and adolescents with obesity are at increased risk of psychological disturbances.



In most cases diet, lifestyle modifications, and currently available pharmaceutical agents are relatively ineffective in treating severe obesity in the long term [9]. Thus, bariatric surgery has become a therapeutic strategy in adolescents [10] with an increased number of surgical procedures in Europe [11], the United States [12] and beyond [13].



In particular, laparoscopic sleeve gastrectomy (LSG) has been considered an accepted stand-alone bariatric surgery procedure. As in adults, this surgical treatment is safe and effective for patients under 18 years, leading to significant weight loss, remission of comorbidities, and improvement of quality of life (QoL) [13,14]. Multidisciplinary interventions are mandatory for the care of adolescents with severe obesity. Special attention should be given to optimize nutritional diagnosis and intervention prior to and after surgery.



In this narrative review, we consider the rationale behind surgical treatment options, outcomes, and clinical indications in adolescents with severe obesity, with particular focus on LSG, nutritional management, and resolution of metabolic comorbidities.




2. Methods


Each author identified and critically reviewed the most relevant published studies (original papers and reviews) in the scientific literature. Papers published up to November 2020 in each author’s field of expertise were searched with the following keywords: obesity, adolescents, obesity complications, metabolic risk, bariatric surgery, sleeve gastrectomy, resolution of comorbidities, clinical indications for bariatric surgery. The following electronic databases were searched: PubMed, Scopus, EMBASE and Web of Science. The contributions were collected, and the resulting draft was discussed among authors to provide a theoretical point of view. The final version was then recirculated and approved by all the co-authors.




3. Obesity, Cardiometabolic Complications and Medical Treatment


Childhood obesity represents a troublesome public health problem which affects the majority of developed countries [1]. There are currently three major classifications used to assess overweight or obesity in children/adolescents. The cut-off points are based on growth curves according to the World Health Organization (WHO), the International Obesity Task Force (IOTF), and the US Centers for Disease Control (CDC). Concerning WHO classification, children aged between 5–19 years are classified as overweight or with obesity when body mass index (BMI)-for-age and sex is at or above the 85th percentile and below the 97th percentile, or above the 97th percentile, respectively [15]. According to CDC overweight is defined as a BMI at or above the 85th percentile and below the 95th percentile for children and teens of the same age and gender; obesity is defined as a BMI at or above the 95th percentile [16]. The IOTF system uses smooth gender-specific BMI curves, constructed to match the values of ≥25 kg/m2 (Overweight) and ≥30 kg/m2 (Obesity) at 18 years, thus providing age and gender BMI cut-offs for overweight and obesity, based on large data sets from six countries or regions covering different races/ethnicities [17].



It is well known that obesity-related complications and diseases are numerous, including metabolic and cardiovascular complications (Table 1).



Metabolic complications develop early in children and adolescents with obesity and worsen as the obesity degree increases. In addition, the prevalence of metabolic syndrome (MetS) in children and adolescents has increased with increasing prevalence of obesity [19]. MetS refers to a clustering of co-incident and inter-related risk factors that place an individual at high risk of developing cardiovascular disease and type 2 diabetes with increased mortality risk.



In the scientific literature, there are currently no standardized diagnostic criteria for MetS in pediatrics. As reported in Table 2, different classifications have been proposed; thus, a wide range of MetS prevalence rates is reported.



In a recent review by Reisinger et al. [22], the prevalence of MetS in pediatric age ranged from 0.3% to 26.4%. The lowest prevalence (0.3%) was found, according to the IDF definition [23], in the Colombian pediatric population, whereas the highest prevalence (26.4%) was observed among Iranian children [24] and adolescents according to the criteria of de Ferranti et al. The median prevalence value of the entire dataset was 3.8%. These data have to be seriously considered in order to assess the potential future health risk, taking into account the young age [25] of the examined subjects. Children with MetS have an increased risk of continued MetS in adulthood with a high likelihood of type 2 diabetes mellitus and cardiovascular disease [26]. For this reason, it is necessary to intervene decisively and effectively obesity in adolescents to prevent future related health complications and impaired quality of life.



It is clear that the first step in the treatment of obesity and metabolic syndrome in children is lifestyle medicine by means of dietary counseling, physical activity, and behavioral changes. The Endocrine Society Clinical Practice Guidelines recommend a minimum of 20 min of moderate-to-vigorous physical activity daily, independent of the grade of adiposity, in order to obtain weight loss and improve insulin sensitivity by counteracting the insulin resistance secondary to obesity [27,28,29].



In addition, a balanced and high-fiber diet is strongly recommended and appears to correlate with increased peripheral insulin sensitivity [30,31] lower risk of developing MetS in children and adolescents, lower systolic blood pressure and fasting blood glucose [32], as well as a healthier composition and diversity of gut microbiome, which may affect nutrient metabolism and energy balance [33]. In contrast, many studies have shown that high fat intake impairs insulin-sensitivity [34,35] regardless of adolescents’ adiposity [36]. Moreover, if high intake of saturated fats is also accompanied by excessive intake of refined grains, simple sugars, salt, and inadequate intake of fiber, as in the Western diet [37,38] this promotes inflammation [38] and changes of the gut microbiome profile, from healthy to a pattern more common in obesity [39,40]. The Western diet also influences the development of hypertension; the American Academy of Paediatric (AAP) recommends adoption of the Dietary Approaches to Stop Hypertension (DASH), which includes a diet rich in fruits, vegetables, low-fat dairy products, whole grains, fish, poultry, nuts, lean red meat and low in sugar, sweets, and sodium, for children and adolescents with hypertension [41]. If necessary, in addition to lifestyle and dietary modifications, prescription of approved medications for weight loss can be recommended.



At the moment, there are no singular effective medical strategies available for long-lasting weight reduction in adolescents with severe obesity. Weight loss medications, while effective, have low popularity, are cost prohibitive as they are not covered by National Health Care, and there are safety concerns due to historical issues associated with weight loss drugs [41]. Moreover 3–44% of patients on weight-loss medication may experience side effects [42,43]. However, recent data on the use of weight loss medications shows promise in the pediatrics population [44,45].



Approved pharmacological treatments for obesity in pediatric age are limited. Orlistat, which acts as an inhibitor of intestinal lipase for adolescents aged ≥12; phentermine, a sympathomimetic amine, approved in teenagers aged ≥16 years and liraglutide, a glucagon-like peptide-1 receptor. (GLP-1) agonist, in pediatric (7–11 years) have been approved by the Food and Drug Administration (FDA). Liraglutide was also approved this year by the European Medicines Agency (EMA) in 12–17 old children [46].



For the treatment of insulin resistance, pharmacological intervention in pediatric age consists of off-label drugs use, since no drug has been specifically approved for this population. Metformin, a biguanide, represents the first-choice medication. It is administered orally and acts to reduce glucose levels, inhibiting the process of hepatic gluconeogenesis and promoting intestinal absorption of glucose [47,48,49]. Although metformin does not often result in significant body weight loss, it appears to prevent or delay alteration of glucose homeostasis in children at high risk of developing type 2 diabetes mellitus [50]. There are studies showing that metformin improves insulin sensitivity in adolescents with type 2 diabetes and polycystic ovary syndrome (PCOS) [51].



In addition to metabolic irregularities, there are cardiovascular irregularities such as dyslipidemia which warrant early diagnosis and management [52]. The treatment of dyslipidemia in childhood starts with lifestyle modification: low saturated fat and simple sugars dietary intake, adequate physical exercise and, if necessary, weight reduction. The AAP recommends prescription of medications (along with lifestyle modifications) in patients 8 years or older with LDL cholesterol (LDL-C) ≥190 mg/dL, or ≥160 mg/dL if there is a positive family history of premature cardiovascular disease and/or presence of other risk factors, also when LDL-C is ≥130 mg/dL if there is diabetes mellitus. For children younger than 8 years of age, the use of medication is only recommended when LDL-C values are ≥500 mg/dL [53]. According to the National Heart Lung and Blood Institute (NHLBI) children younger than 10 years of age should not be treated pharmacologically unless they have severe primary hyperlipidemia or high-risk condition associated with severe medical morbidity (homozygous hypercholesterolemia, LDL cholesterol level ≥400 mg/dL, primary hypertriglyceridemia with a triglyceride level ≥500 mg/dL, and cardiovascular disease evident in the first 2 years of life after cardiac transplantation). It is also necessary to initiate drug treatment in children older than 10 years, if LDL cholesterol levels consistently exceed 190 mg/dL, after a 6-months lifestyle intervention attempt [53,54]. Statins, HMG-CoA reductase inhibitors, are recommended as first-line approach in pediatric patients [54].



With regards to hypertension, the AAP Clinical Practice guidelines for screening and management of high blood pressure in children and adolescents, published in 2019, recommend initiating drug therapy with a single medication for children remaining hypertensive despite lifestyle modifications, or who have symptomatic hypertension, stage 2 hypertension without a clearly modifiable factor (e.g., obesity), or any stage of hypertension associated with type 1 diabetes mellitus or chronic kidney disease [53,55]. Recommended pharmacologic treatment includes the use of angiotensin-converting enzyme (ACE) inhibitor or angiotensin II receptor blocker (ARB), long-acting calcium channel blocker or thiazide diuretic. Obesity grade correlates with mortality risk secondary to cardiovascular disease; in fact, children with BMI >95th percentile have three- to five-fold increased risk of cardiovascular (CVD) mortality by age of 50 [56].



The first step in treating pediatric obesity should focus on lifestyle changes, particularly with a structured weight-management program and multidisciplinary approach [57]. Both intensive medical and lifestyle interventions for obesity treatment have demonstrated an average weight loss of around 5–15%, with variable results in compliance [58,59] and high percentage of drop out. Unfortunately, the probability that adolescents will attain a normal weight is very low and weight cycling was most common among subjects with baseline body mass indexes in the severe obesity category, as well as underdiagnosed binge eating that negatively impacts on treatment outcomes if not exhaustively addressed [60,61,62].



Weight loss interventions rarely resulted in substantial and sustained BMI reduction or resolution of co-morbidities for adolescents who have severe obesity [61,63].



Failure of lifestyle treatments and their risks for early complications of severe obesity poses bariatric surgery as the most effective weight loss treatment for severe obesity and its comorbidities in adolescents.




4. Eligibility Criteria for Bariatric Surgery


The use of bariatric surgery in children with severe obesity has received considerable recent attention, even if the surgery has not been widely accepted. In the adult population, combined multi-disciplinary interventions are often required in conjunction with bariatric surgery to achieve long-term satisfying results [64]. This is also reflected in the more recent trend to perform bariatric surgery as a strategy in adolescents with severe obesity [65]. However, many surgeons are still reluctant to embrace bariatric surgery in adolescent patients; they state that it is irreversible, invasive, and has potential life-long alterations [64]. Arguments in favor of an early surgical approach are based on the evidence that the efficacy of surgery is reduced over time and that adolescent obesity is more intractable and sustained than obesity in adults [66,67]. The recent American Society of Metabolic and Bariatric Surgery (ASMBS) guidelines outline the inclusion criteria for pediatric and adolescent bariatric surgery; with the significant improvement in long term data, they are less controversial than previous guidelines which often presented ethical concerns and scarcity of long-term data [58,68]. It must be noted that the criteria for being considered for metabolic and bariatric surgery as a pediatric patient are stricter than those used for adults. Bariatric surgery is proposed in adolescents with BMI ≥ 35 kg/m2 (moderate obesity) with major comorbidities or with a BMI ≥ 40 kg/m2 (severe obesity) with minor comorbidities [69].



The European Association for Endoscopic Surgery has recently developed a list of clinical practice guidelines on bariatric surgery which mirrors those proposed by ASMBS. Surgery should be considered for patients with BMI ≥ 40 kg/m2, for patients with BMI ≥ 35–40 kg/m2 with associated comorbidities and for patients with ≥ BMI 30–35 kg/m2 and type 2 diabetes and/or arterial hypertension with poor control despite optimal medical therapy [69].



According to the “Interdisciplinary European Guidelines on Metabolic and Bariatric Surgery”, BMI ≥ 40 kg/m2 (or 99.5th percentile for respective age) with associated comorbidities is not the only surgical criterion.



BMI criterion must also be associated with all of the following:




	-

	
at least 6 months of lifestyle treatment for weight loss in a specialized center




	-

	
complete skeletal and sexual maturation




	-

	
ability to give informed consent with adequate understanding of the procedure




	-

	
ability to commit to comprehensive medical and psychological evaluation before and after surgery




	-

	
willing to participate in a post-surgery multidisciplinary program




	-

	
surgery access in a unit with specialist pediatric support









In 2015, the European Society for Paediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) Position Statement provided additional criteria for surgery [70] in adolescents: BMI ≥ 40 kg/m2 with severe comorbidities (type 2 diabetes mellitus; moderate-to-severe sleep apnea, pseudotumor cerebri, NASH with advanced fibrosis—ISHAK score>1) or BMI ≥ 50 kg/m2 with mild comorbidities (e.g., hypertension, dyslipidemia, mild obstructive sleep apnea, chronic venous insufficiency, panniculitis, urinary incontinence, impairment in activities of daily living, NASH, gastroesophageal reflux disease, severe psychological distress, arthropathies related to weight). Moreover, patients are strongly recommended to avoid pregnancy for 1 year after surgery and are driven to adhere to nutritional guidelines after surgery.



According to the ASMBS guidelines, there are some contraindications for MBS:




	
Obesity that can treated with medical therapy.



	
Substance abuse within the past year.



	
Current or planned pregnancy within 12–18 months of the scheduled surgical procedure.



	
Concomitant eating disorders.



	
Medical, psychiatric, psychosocial issues interfering with postsurgical recommendations and required lifestyle modifications








It is worth noticing that adolescents represent a vulnerable group of patients in a very susceptible transitional developmental stage of self-concept, influenced by relationships, social environment [71], and the educational system. As described above, adolescents with obesity often suffer from body dissatisfaction, low self-esteem, teasing, and symptoms of mood deflection in combination with a history of eating disorder symptoms such as binge eating (BE) that may support, or even worsen, the vicious cycle of obesity which could lead to negative outcomes in metabolic and bariatric surgery [72]. Loss of control (LOC) with snacking and binge eating (BE) is prevalent among adolescents (15–28%) seeking bariatric surgery [73], even if few studies have investigated prevalence of LOC and BE in this category of subjects [74,75]. Multidisciplinary assessment involving psychological evaluation is mandatory before surgery [76] and ASMBS pediatric guidelines recommend preoperative assessment for LOC and treatment with systemic family-based therapy, individual cognitive behavioral therapy, and, if necessary, medication [77].




5. Laparoscopic Sleeve Gastrectomy as Preferred Surgical Approach


Bariatric surgery options include Roux-en-Y gastric bypass (RYGB), biliopancreatic diversion with duodenal switch (BPD-DS), sleeve gastrectomy (SG) and adjustable gastric banding (AGB).



According to the pediatric metabolic and bariatric surgery guidelines, vertical sleeve gastrectomy (VSG) has become the most commonly used and recommended surgery procedure in adolescents with severe obesity, because of its near-equivalent weight loss and efficiency regarding co-morbidities to the RYGB, with fewer revision surgeries and better nutrient absorption [58].



A minimally invasive surgical approach has become the preferred technique in bariatric surgery. Laparoscopic sleeve gastrectomy (LSG) initially represented the first stage of the duodenal switch procedure in patients with severe obesity, but it has been rapidly used as a single procedure due to its technical ease and good results [78,79].



SG has recently gained attention both in the adult and adolescent bariatric population due to several longitudinal studies which demonstrate excess weight loss between 38% and 83%, and it is less technically complex when compared to RYGB with less malabsorption of specific nutrients [80,81,82]. Initial results of SG in adolescents are encouraging; they demonstrate results similar to adult studies and SG is the predominant choice in centers offering bariatric surgery within this age group [83,84,85,86].



LSG is considered the most commonly performed bariatric surgery worldwide. The safety of the LSG technique, together with high survival rates have been widely demonstrated and LSG has become the surgery procedure of first choice in patients with severe obesity worldwide both in adulthood and pediatric age [79,87,88,89,90,91,92], and in the adolescent population, LSG appears to have a higher safety profile than other bariatric operations [93]. The effectiveness of a single procedure in weight loss has been demonstrated in pediatric age [88].



LSG consists of forming a “sleeve” from the stomach by surgically stapling its edges. This technique is also referred to as “greater curvature gastrectomy”, or “vertical gastrectomy” or “pylorus preserving gastric tube”. The vertical resection involves the greater curvature and the fundus and leads to a gastric tuberization [88] Gastric resection includes approximately 80% of the stomach and the remnant gastric area has a capacity > 100 mL. Gastric reduction does not require a gastrointestinal anastomosis or bypass which makes it easier than RYGB or BPDDS [94,95].



This minimally invasive approach has become the preferred technique in bariatric surgery and the laparoscopic approach is commonly adopted in children and adolescents as the treatment of choice. Robotic surgery presents many advantages over the laparoscopic approach such as improvement of surgical ergonomics, shortened length of stay, decreased tissue damage, and decreased postoperative need of analgesia [96].



With regards to minimally invasive bariatric surgery, specific laparoscopic instrumentation must be used which includes longer trocars and longer instruments, and bougie devices (34–36 F) useful to accommodate the thicker abdominal wall of patients with obesity. The patient is placed in the supine position, 20′ tilted in reverse Trendelenburg. The procedure is performed with four trocars: a 12 mm trocar in the umbilicus for the 30-degree laparoscope, two operative trocars (5 and 15 mm) to the left and right of the umbilicus and a 5 mm trocar in the left hypo-condrium (or subxiphoid area) for liver retraction. The surgeon stands between the legs of the patient.



As first step, the dissection starts from the cardial region, dividing the peritoneal sheet and removing the fat in front of the hiatus until the left crus is exposed from behind. The dissection should proceed distally to the antrum. The site of the distal transection should preserve the antrum and should be placed nearly 2–6 cm proximal to the pylorus. The gastrocolic ligament is dissected with a vessel sealing device (Maryland Ligasure®) starting halfway at the greater curve. It is important to stay close to the gastric wall to avoid damaging surrounding tissues and vessels and to reduce the risk of portal vein thrombosis. Once the lesser sac is partially opened the posterior wall of the stomach is inspected and the dissection is extended posteriorly to take down all adhesions.



The dissection proceeds inferiorly to reach the marked point on the antrum, and superiorly, up to the cardia. The stapled sleeve gastrectomy is performed with an EndoGIA starting from the distal part. The bougie (34–36 F) is used after the first fire as a guide inside the stomach lumen (inserted from the mouth and directed to a point distal to the divided omental attachments, under laparoscopic surveillance). Gastrectomy is completed with two–four vertical firings. The last firing is performed with a lateral movement to partially maintain the gastro-phrenic ligament, to preserve the vascularization and to keep part of the muscular fibers over the cardia for gastro-esophageal junction competence (1 cm left of the gastro-esophageal junction, leaving a sort of “dog ear”). At the end, it is possible to complete the vessel dissection by dividing the short vessels. The air insufflation test can be performed to rule out a torsion of the sleeve. The specimen is then extracted from the umbilical access.



Data on short and middle term outcomes in pediatrics show no major complications and a low rate of minor complications (4.3% according to Alqahtani et al.) [13] after LSG, with no evidence of mortality [97,98,99].



Retrospective analysis from the Metabolic and Bariatric Surgery Accreditation and Quality Improvement Program (MBASQIP) database (USA) confirmed that both LSG and RYGB are relatively safe, but the LSG is associated with a significantly lower rate of major complications in the first month after surgery [100] and with shorter operative times [95,101], especially in accredited centers [93].



In 2016, Pepper et al. [96] reported the results of a retrospective analysis showing the same results when comparing LSG and robotic sleeve gastrectomy in terms of safety and efficacy. Shorter length of stay and better postoperative pain control were considered potential benefits of the robotic approach [102].



As reported in Table 3, surgical complications are not excluded. In the immediate postoperative period, nausea, vomiting and dehydration, anastomotic leak and gastric tube twist as well as volvulus may occur; wound infection at the trocar site is also a recurrent complication described in patients with severe obesity (0.6%). In middle term outcome, major complications are described, but not recorded in pediatrics [13]. Long-term follow up is recommended for gastroesophageal reflux disease secondary to the risk of developing esophageal disease such as Barrett’s esophagus.




6. Nutritional Status and Nutritional Risks


The primary objective of the pre-surgery investigation is to assess the candidacy of the subject through a complete and multidisciplinary medical, surgical and psychological evaluation, not only of whether the patient meets inclusion criteria but also to establish which procedure is most optimal [103]. Pre-surgery assessment also represents an opportunity to provide counselling and anticipatory guidance on topics including eating habits and behavior. To reach successful results after surgery, patients must optimize their lifestyle habits, make healthy dietary choices, meet nutritional requirements, adhere to a robust physical activity level, and learn to sense their “new” needs in feeling hunger and satiety [104].



For this reason, preparation for bariatric surgery should include counselling of both patients and their caregivers, to modify any deleterious behaviors which may coexist with obesity such as smoking, sleep disturbances, and sedentary behavior. In a recent study [18,105] conducted on adolescents with severe obesity enrolled in the Teen-LABS study, physical activity appeared to further reduce cardiovascular risk and support long-term weight loss maintenance after bariatric surgery. On the other hand, the easy availability and access of energy dense fast foods, such as sugary beverages and snacks, contributes to weight gain and this in turn promotes sedentary lifestyle, fueling a vicious cycle [106] with weight regain even after bariatric procedure [107].



Adolescents seeking bariatric surgery and their families must also be counseled on the key role of supplements that need to be regularly taken in order to reduce the risk of nutrient deficiencies after the metabolic and bariatric surgical procedure [77], along with a healthy and personalized diet, which considers both growth requirements and surgery limitations with regards to portion sizes and food tolerance concerns.



In order to properly tackle the consequent risk of malnutrition, a pre-surgery nutritional status assessment is highly recommended, including biomarkers such as serum iron, folate, ferritin, and total iron-binding capacity (TIBC); thiamin (B1); vitamin B12 and B6; calcium, Parathyroid Hormone (PTH), alkaline phosphatase, vitamin D, phosphorus, calcium, magnesium, potassium and zinc [77]. It is worth considering that while the 2018 ASMBS pediatric guidelines suggest universal preoperative testing of B1, B12, and folate, the reported prevalence of deficiency of these micronutrients in adolescents with severe obesity is 0–1%, 0–1%, and 0–4%, respectively [99,100].



Conversely, vitamin D, which is known to play a role in bone health and metabolism throughout lifespan, is frequently deficient in individuals with obesity; a European study found around 39% prevalence of 25(OH)D deficiency (< 10 ng/mL) among adolescents [108], while in a recent prospective [109,110] cohort study on pre- and post-bariatric surgery adolescents, basal levels of 25-hydroxyvitamin D were insufficient in 37% of participants (n = 242). The pandemic increase in obesity is inversely associated with vitamin D levels, which is known to be stored in fat tissue, resulting in an increased risk of impaired glycemic control and metabolic syndrome in the general population [111].



One of the primary considerations in bariatric surgery for pediatric patients is the impact on physical growth/maturation, and the compliance with postsurgical medical nutrition therapy which requires continuous care to monitor patient’s progress, as well as continuous reinforcement of motivation. After bariatric procedures, dietary patterns need particular attention since adolescents are at higher risk of nutritional complications than adults [80]. The post-surgery diet should focus on adequate protein intake, hydration, and vitamin-mineral supplementation.



Sleeve gastrectomy is often the first choice surgery in adolescents, mainly because it is more conservative and less related to nutritional status impairment, although partial gastrectomy leads to loss of the gastric body and fundal parietal cell, as well as a marked decrease in the production of gastric acid, which affects iron, Vitamin B12, and folate absorption [112], Table 1.



Results confirmed by a cohort study on 242 adolescents, including 67 with sleeve gastrectomy and 161 with gastric bypass, showed a significant decrease in vitamin B12 levels in both groups after 3 years surgery [113]. Evidence revealed that sleeve gastrectomy impacts less on postoperative vitamin B12 deficiency risk than gastric bypass, while neither surgical procedure showed any particular differences with regard to the risk of postoperative anemia and iron deficiency [113]. A recent systematic review [114] analyzed the outcomes of bariatric surgery in adolescents with a follow-up ≥ 5 years, which revealed a high prevalence of iron deficiency and anemia; however, only gastric bypass procedure was considered. The previously mentioned study conducted by Inge et al. [83] found hypo-ferritinemia in 57% of individuals 3 years after the bariatric procedure with over 10% in adolescents who underwent sleeve gastrectomy.



A recent retrospective review by Goldebrg et al. [115] aimed to investigate if standard multivitamin supplementation is sufficient to prevent anemia in adolescents undergoing sleeve gastrectomy with biomarkers including iron, ferritin, folate, vitamin B12, hemoglobin and hematocrit, 3, 6 and 12 months after surgical intervention. Patients’ folate levels were lower 3- and 6-months post-surgery compared to baseline, but returned to baseline levels at 12 months. Vitamin B12 levels were lower 6 months post-surgery compared to 3 months, though not different from levels at T0, and returned to baseline levels at 12 months. There were no changes in iron, ferritin, Hgb or Hct during the 1-year follow up.



Other authors [116] found low ferritin level in 33.3% of adolescents (n = 79), 2 years after sleeve gastrectomy, while low hemoglobin levels were found only in females. They also found a high prevalence of vitamin D and albumin deficiency (89.3% and 38% respectively) as well as hypo-ferritinemia. Standardized nutritional supplements were provided to all patients and these included daily multivitamin tablets with vitamins A (retinol) C, D3, E K, B1 (thiamine), B2, B3, B5, B6 (pyridoxine), B8, B12 (cobalamin), folate and minerals including chrome, iron, magnesium, selenium, and zinc. In this study subjects with vitamin and/or mineral deficiencies in the preoperative assessment received treatment accordingly prior to surgery. The percentage of adolescents with hypoalbuminemia increased to 38.3% post-surgery and this is another important nutritional outcome that needs to be considered [116].



Hypoalbuminemia may occur especially during the first few months post-surgery [117]; it is important to consider that muscle mass loss is a negative phenomenon, as non-adipose tissue is responsible for most of the resting metabolic rate, regulation of body temperature and weight maintenance [118]. There are still no data available on vegetarian/vegan dietary patterns after bariatric surgery in adolescence, but it is important to guarantee an optimal protein intake with a balanced diet, and supplementation must be prescribed while educating individuals on ideal eating after metabolic and bariatric surgery and to minimize nausea and vomiting. Persistent vomiting is a common symptom after bariatric surgery, and this symptom is associated with nausea and a loss of appetite which is also a non-specific symptom of thiamine deficiency [119]. Thiamine (vitamin B1) is essential in multiple metabolic pathways, including the extraction of ATP from glucose and the generation of precursors in brain metabolism [120] and its deficiency must be accurately diagnosed.



Tang et al. [121] recently performed a retrospective study on 147 bariatric patients between 18 and 65 years old who underwent SG to evaluate thiamine deficiency. Basal thiamine level before surgery was below the cut off in 25.7% of subjects enrolled while thiamine deficiency was present in approximately 20% of the subjects enrolled at all follow-ups (3 months, 6 months, 1 year).



Subjects with thiamine deficiency were also more likely to report nausea (p = 0.002), vomiting (p = 0.001), and decreased appetite (p = 0.017).



In addition to nutrients, it is worth considering another often-undervalued issue: water consumption. Dehydration in one of the most common reasons for readmission of minor complications in adolescents after metabolic and bariatric surgery [122]. They should be advised to consume liquids slowly, ideally 30 min after meals, to prevent gastrointestinal issues, and in adequate amounts to maintain hydration.




7. Weight Loss and Resolution of the Metabolic Comorbidities


Bariatric surgery induces significant weight loss for adolescents with severe obesity. Weight loss is much greater in patients after bariatric surgery compared to patients treated with lifestyle interventions [123,124,125]. According to Roberts [126], The mean decrease in BMI across studies in which this endpoint was assessed was 29% (CI 24–37.5%); mean weight loss, when measured, was 27% (25–29%). In a meta-analysis reported by Black [123], 637 patients from 23 studies showed a significant decrease in BMI at 1 year (average weighted mean BMI difference: −13.5 kg m −2; 95% confidence interval− 14.1 to −11.9); BMI loss after SG resulted in a mean BMI reduction of −14.5 kg m −2; 95%CI −17.3, 11.7) [123].



The mechanisms implicated in the long-term weight loss and resolution of the complications after bariatric surgery include mechanical restriction (related to the reduction in stomach size) and malabsorption, as well as changes in gut hormones, brain regulation of appetite and satiety, involving endogenous molecules such as ghrelin, glucagon-like peptide 1 (GLP-1) and peptide YY, leptin [78,127,128], Figure 1.



Weight loss is favored by the removal of most of the stomach’s greater curvature resulting in a tubular, smaller stomach made by the lesser curvature, resistant to stretching. The preservation of the pylorus helps in regulating gastric emptying (GE) which contributes to satiety [128,129].



Neuroendocrine changes are likely to be involved in weight loss as well as in metabolic comorbidity resolution. All the metabolic improvements achieved post bariatric surgery have led to the creation of the term metabolic surgery or metabolic-bariatric surgery (MBS). The digestive-absorptive process starts with the so called “cephalic phase”, which results from the intersection of senses such as sight, smell or taste, followed by the release of many hormones, including ghrelin, insulin, pancreatic polypeptide (PP), and gastrin via vagal mechanism [130]. Ghrelin is a small peptide hormone released by the stomach, which stimulates food intake, acting as an endogenous ligand for its receptor, the growth hormone secretagogue receptor. SG and the other procedures involving gastrectomy or partial gastrectomy lower ghrelin levels, removing ghrelin-producing cells. Nevertheless, we have to remember that levels tend to recover after partial gastrectomy [131,132].



PP is an anorexigenic hormone secreted by specific cells in the pancreatic islets, in response to food stimulation involving the vagal system; it is usually reported to be unchanged after MBS [133,134]. Gastrin, on the other hand, which is secreted by the G-cells of the antrum, aids in gastric acid secretion and has been suggested to act in facilitating insulin secretion via gastrin receptors in the pancreatic islets. Nonetheless, there are few data on serum gastrin levels after bariatric surgery, which have provided mixed results [133,134,135,136,137].



GLP-1 (glucagon-like peptide 1), produced by the L-cells in the distal segments of the small intestine and colon, stimulates insulin secretion and inhibits glucagon along with gastrointestinal secretions and motility. Its levels during oral glucose or meal stimulation have been shown to be permanently increased after SG [135].



There are animal and human studies showing that postprandial levels of GLP-1 are enhanced after SG, which suggests the importance of such alterations in intestinal hormone secretion [138,139,140,141].



Peptide YY (PYY) also known as peptide tyrosine, secreted (as well as GLP-1) by mucosal L-cells in the small and large intestine, inhibits gastric, pancreatic and intestinal secretions. Its effects on gastrointestinal motility are still unanswered, even if there are studies reporting increased postprandial levels after MBS, which could ultimately lead to enhanced satiety [138,139,140,141,142,143,144,145].



Cholecystokinin or CCK, is a neuropeptide hormone produced by intestinal I-cells that regulates pancreatic enzyme secretion, inhibits gastric emptying and gastrointestinal motility, also acting as a satiety signal. CCK levels have been reported to increase after MBS [146,147,148].



Changes in neuroendocrine profile are associated with long-term weight reduction and resolution of comorbidities after gastric surgery [133,149,150]. Some forms of diabetes such as type 2 diabetes, have been shown to improve after MBS (including SG), which does not bypass the duodenum, yielding GLP-1increases, weight loss and improvements in glucose metabolism [138].



Data from the national database for the American Society for Metabolic and Bariatric Surgery (ASMBS) Center of Excellence program reported a high 12-months diabetes remission rates in adults [151].



The STAMPEDE [152] trial conducted among adult patients with obesity with uncontrolled type 2 diabetes (randomization of 150 patients with uncontrolled T2DM to intensive medical therapy alone or intensive medical therapy plus RYGB or SG) showed that intensive medical therapy + bariatric surgery achieves adequate glycemic control of type 2 DM in patients with obesity, better than medical therapy alone. At 36 months, the primary endpoint (HbA1c level 6%) was achieved by 5% of patients in the medical group compared with 24% in the SG arm. In addition, the use of anti-diabetic therapy was lower when compared to the medical therapy cohort. Patients who underwent surgical treatment showed improved glycemic control at 3 years. Weight loss and shorter duration of diabetes were the main predictors of HbA1c level of 6% after surgery [152].



A recent study that evaluated weight loss up to four years after VSG showed greater benefits in adolescents than in adults with T2D resolution after MBS (both VSG and RYGB) in 87% of adolescents versus 54% of adults [67], therefore suggesting strong advantages of early surgery.



Regarding inflammatory markers, studies demonstrated that there is a remarkable reduction in CRP and urinary cytokines levels, signifying that MBS also improves systemic and renal inflammatory status [153,154].



In regard to the cardiovascular system, obesity is a well-known chronic degenerative disease that remarkably decreases life expectancy. Sleeve surgery for weight loss has proven to increase life expectancy which reduces mortality for cardiovascular diseases in patients with severe obesity showing that the total amount of cardiovascular diseases, myocardial infarction, stroke, and systolic blood pressure (SBP) significantly reduced about ten years after SG procedures [155,156,157]. Various studies have shown that high blood pressure is resolved after SG [155,156,157,158].



Another study demonstrated 74% remission rate for hypertension and 66% for dyslipidemia in adolescent subjects [159].



The literature also reports antihypertensive drug reduction in almost 59% of patients who underwent VSG. Another study demonstrated resolution of hypertension after VSG in adolescents compared to adults, showing the effectiveness of MBS if performed at a young age [67,160].



The modifications of gastric emptying may also explain some metabolic changes. Braghetto et al. found that at 3 months after SG, GE became significantly accelerated for both solid and liquid meals versus controls [161]. Another group reported faster GE after solid meals at 6- and 24-months post SG in adult subjects. Faster gastric emptying and secretion to the distal intestinal segments could enhance gut hormone secretion contributing to increased weight loss and improved glucose homeostasis.




8. Future Perspectives


Childhood obesity must be treated with urgency given the significant individual and societal costs. Because severe obesity can begin early, prevention should focus on promoting a healthy lifestyle in the prenatal, neonatal, and early childhood years when nutritional choices can affect long-term chronic disease risk [162]. Further research into the biology, neuro-endocrinology and psychology of weight-loss maintenance should be undertaken to develop more effective medical and surgical approaches. Future perspectives in the management of obesity in children should include patient-tailored surgery, limited to the gastric surface involved in the neuroendocrine gut system and appetite control. A multidisciplinary approach is necessary to study long term postoperative benefits and complications in adulthood, including musculoskeletal development, fertility preservation, psycho-social attitude and cognitive and behavioral skills.




9. Conclusions


Bariatric surgery should be considered in adolescents with moderate to severe obesity who have previously been treated with a lifestyle medicine approach with unsuccessful results. Bariatric surgery, and in particular sleeve gastrectomy, is an effective method for weight loss and its maintenance over time, providing comorbidities resolution and a better quality of life in adulthood [163] However, there are many perceived patient, provider, and health system barriers to bariatric surgery. Furthermore, more must be done in order to ensure long-term treatment efficacy, allow healthy growth and prevent nutritional status impairment as well as inadequate weight loss and weight regain.



Multidisciplinary pre- and post-operative care is recommended, including adequate medical nutrition, behavioral and pharmacological treatment, for the continuous care of the adolescent patient candidate for metabolic and bariatric surgery. Only in this way will it be possible to ensure adequate growth and a healthy adult life via permanent lifestyle changes.







Author Contributions


Conceptualization, V.C., H.C., G.P., F.C.S.; methodology, V.C., H.C., G.P., D.P., C.R., F.V., F.D., E.V. (Elettra Vestri), E.V. (Elvira Verduci), A.B., F.C.S.; data curation, V.C., H.C., G.P., F.C.S.; writing—original draft preparation, V.C., H.C., G.P., D.P., C.R., F.V., F.D., E.V. (Elvira Verduci), A.B., G.Z., F.C.S.; writing—review and editing, V.C., H.C., G.P., G.Z., F.C.S.; supervision, V.C., H.C., G.P., G.Z., F.C.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Skinner, A.C.; Ravanbakht, S.N.; Skelton, J.A.; Perrin, E.M.; Armstrong, S.C. Prevalence of obesity and severe obesity in US children, 1999–2016. Pediatrics 2018, 141, e20173459. [Google Scholar] [CrossRef]

	



Center for Disease Control and Prevention. Available online: https://www.cdc.gov/nchs/products/index.htm (accessed on 2 April 2021).

	



Reilly, J.J.; Kelly, J. Long-term impact of overweight and obesity in childhood and adolescence on morbidity and premature mortality in adulthood: Systematic review. Int. J. Obes. 2011, 35, 891–898. [Google Scholar] [CrossRef] [PubMed]

	



Twig, G.; Tirosh, A.; Leiba, A.; Twig, G.; Tirosh, A.; Leiba, A.; Levine, H.; Ben-Ami Shor, D.; Derazne, E.; Haklai, Z.; et al. BMI at Age 17 Years and Diabetes Mortality in Midlife: A Nationwide Cohort of 2.3 Million Adolescents. Diabetes Care 2016, 39, 1996–2003. [Google Scholar] [CrossRef] [PubMed]

	



Leopold, S.; Zachariah, J.P. Pediatric Obesity, Hypertension, Lipids. Curr. Treat Options Pediatr. 2020, 6, 62–77. [Google Scholar] [CrossRef] [PubMed]

	



Mencin, A.A.; Lavine, J.E. Nonalcoholic fatty liver disease in children. Curr. Opin. Clin. Nutr. Metab. Care 2011, 14, 151–157. [Google Scholar] [CrossRef]

	



Bitners, A.C.; Sin, S.; Agrawal, S.; Lee, S.; Udupa, J.K.; Tong, Y.; Wootton, D.M.; Choy, K.R.; Wagshul, M.E.; Arens, R. Effect of sleep on upper airway dynamics in obese adolescents with obstructive sleep apnea syndrome. Sleep 2020, 43, zsaa071. [Google Scholar] [CrossRef]

	



Kaczmarek, C.; Haller, D.M.; Yaron, M.J. Health-Related Quality of Life in Adolescents and Young Adults with Polycystic Ovary Syndrome: A Systematic Review. J. Pediatr. Adolesc. Gynecol. 2016, 29, 551–557. [Google Scholar] [CrossRef]

	



Malhotra, S.; Czepiel, K.S.; Akam, E.Y.; Shaw, A.Y.; Sivasubramanian, R.; Seetharaman, S.; Stanford, F.C. Bariatric surgery in the treatment of adolescent obesity: Current perspectives in the United States. Expert Rev. Endocrinol. Metab. 2021, 21, 1–12. [Google Scholar]

	



Park, K.H. Intervention for severely obese children and adolescents. J. Obes. Metab. Syndr. 2019, 28, 1–3. [Google Scholar] [CrossRef]

	



Lennerz, B.S.; Wabitsch, M.; Lippert, H.; Wolff, S.; Knoll, C.; Weiner, R.; Manger, T.; Kiess, W.; Stroh, C. Bariatric surgery in adolescents and young adults—Safety and effectiveness in a cohort of 345 patients. Int. J. Obes. 2014, 38, 334–340. [Google Scholar] [CrossRef]

	



Kelleher, D.C.; Merrill, C.T.; Cottrell, L.T.; Nadler, E.P.; Burd, R.S. Recent national trends in the use of adolescent inpatient bariatric surgery: 2000 through 2009. JAMA Pediatr. 2013, 167, 126–132. [Google Scholar] [CrossRef]

	



Alqahtani, A.; Elahmedi, M.; Alqahtani, Y.A.; Al-Darwish, A. Endoscopic Sleeve Gastroplasty in 109 Consecutive Children and Adolescents with Obesity: Two-Year Outcomes of a New Modality. Am. J. Gastroenterol. 2019, 114, 1857–1862. [Google Scholar] [CrossRef]

	



Cooiman, M.I.; Aarts, E.O.; Janssen, I.M.C.; Hazebroek, E.J.; Berends, F.J. Weight Loss, Remission of Comorbidities, and Quality of Life After Bariatric Surgery in Young Adult Patients. Obes. Surg. 2019, 29, 1851–1857. [Google Scholar] [CrossRef]

	



Harvard T.H. Chan School of Public Health. Defining Childhood Obesity. Available online: https://www.hsph.harvard.edu/obesity-prevention-source/obesity-definition/defining-childhood-obesity/#References (accessed on 2 April 2021).

	



Center for Disease Control and Prevention. Defining Childhood Obesity BMI for Children and Teens. Available online: https://www.cdc.gov/obesity/childhood/defining.html (accessed on 2 April 2021).

	



Cole, T.J.; Lobstein, T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and obesity. Pediatr. Obes. 2012, 7, 284–294. [Google Scholar] [CrossRef] [PubMed]

	



Kansra, A.R.; Lakkunarajah, S.; Jay, M.S. Childhood and Adolescent Obesity: A Review. Front. Pediatr. 2021, 8, 581461. [Google Scholar] [CrossRef]

	



Sangun, Ö.; Dündar, B.; Köşker, M.; Pirgon, Ö.; Dündar, N. Prevalence of metabolic syndrome in obese children and adolescents using three different criteria and evaluation of risk factors. J. Clin. Res. Pediatr. Endocrinol. 2011, 3, 70–76. [Google Scholar] [CrossRef]

	



Cook, S.; Weitzman, M.; Auinger, P.; Nguyen, M.; Dietz, W.H. Pre-valence of a metabolic syndrome phenotype in adolescents: Findings from the third National Health and Nutrition Examination Survey, 1988–1994. Arch. Pediatr. Adolesc. Med. 2003, 157, 821–827. [Google Scholar] [CrossRef] [PubMed]

	



de Ferranti, S.D.; Gauvreau, K.; Ludwig, D.S.; Neufeld, E.J.; Newburger, J.W.; Rifai, N. Prevalence of the metabolic syndrome in American adolescents: Findings from the Third National Health and Nutrition Examination Survey. Circulation 2004, 110, 2494–2497. [Google Scholar] [CrossRef] [PubMed]

	



Reisinger, C.; Nkeh-Chungag, B.N.; Fredriksen, P.M.; Goswami, N. The prevalence of pediatric metabolic syndrome—A critical look on the discrepancies between definitions and its clinical importance. Int. J. Obes. 2021, 45, 12–24. [Google Scholar] [CrossRef]

	



Miller, J.M.; Kaylor, M.B.; Johannsson, M.; Bay, C.; Churilla, J.R. Prevalence of metabolic syndrome and individual criterion in US adolescents: 2001–2010 National Health and Nutrition Examination Survey. Metab. Syndr. Relat. Disord. 2014, 12, 527–532. [Google Scholar] [CrossRef] [PubMed]

	



Asghari, G.; Eftekharzadeh, A.; Hosseinpanah, F.; Ghareh, S.; Mirmiran, P.; Azizi, F. Instability of different adolescent metabolic syndrome definitions tracked into early adulthood metabolic syndrome: Tehran Lipid and Glucose Study (TLGS). Pediatr. Diabetes 2017, 18, 59–66. [Google Scholar] [CrossRef] [PubMed]

	



OECD. Health at a Glance. 2017. Available online: https://www.oecd.org/social/health-at-a-glance-19991312.htm (accessed on 2 April 2021).

	



Al-Hamad, D.; Raman, V. Metabolic syndrome in children and adolescents. Transl. Pediatr. 2017, 6, 397–407. [Google Scholar] [CrossRef] [PubMed]

	



De Giuseppe, R.; Di Napoli, I.; Porri, D.; Cena, H. Pediatric Obesity and Eating Disorders Symptoms: The Role of the Multidisciplinary Treatment. A Systematic Review. Front. Pediatr. 2019, 7, 123. [Google Scholar] [CrossRef] [PubMed]

	



Styne, D.M.; Arslanian, S.A.; Connor, E.L.; Farooqi, I.S.; Murad, M.H.; Silverstein, J.H.; Yanovski, J.A. Pediatric obesity-assessment, treatment, and prevention: An Endocrine Society Clinical Practice Guideline. J. Clin. Endocrinol. Metab. 2017, 102, 709–757. [Google Scholar] [CrossRef] [PubMed]

	



Allen, D.B.; Nemeth, B.A.; Clark, R.R.; Peterson, S.E.; Eickhoff, J.; Carrel, A.L. Fitness is a stronger predictor of fasting insulin levels than fatness in overweight male middle-school children. J. Pediatr. 2007, 150, 383–387. [Google Scholar] [CrossRef]

	



Martínez-Gómez, D.; Eisenmann, J.C.; Moya, J.M.; Gómez-Martínez, S.; Marcos, A.; Veiga, O.L. The role of physical activity and fitness on the metabolic syndrome in adolescents: Effect of different scores. The AFINOS Study. J. Physiol. Biochem. 2009, 65, 277–289. [Google Scholar] [CrossRef]

	



Rizzo, N.S.; Ruiz, J.R.; Oja, L.; Veidebaum, T.; Sjöström, M. Associations between physical activity, body fat, and insulin resistance (homeostasis model assessment) in adolescents: The European Youth Heart Study. Am. J. Clin. Nutr. 2008, 87, 586–592. [Google Scholar] [CrossRef] [PubMed]

	



Carlson, J.J.; Eisenmann, J.C.; Norman, G.J.; Ortiz, K.A.; Young, P.C. Dietary fiber and nutrient density are inversely associated with the metabolic syndrome in USA adolescents. J. Am. Diet. Assoc. 2011, 111, 1688–1695. [Google Scholar] [CrossRef]

	



Lin, Y.; Huybrechts, I.; Vereecken, C.; Mourati-dou, T.; Valtueña, J.; Kersting, M.; González-Gross, M.; Bolca, S.; Wärnberg, J.; Cuenca-García, M.; et al. Dietary fiber intake and its association with indicators of adiposity and serum biomarkers in European adolescents: The HELENA study. Eur. J. Nutr. 2014, 54, 771–782. [Google Scholar] [CrossRef]

	



Dorgan, J.F.; Liu, L.; Barton, B.A.; Deshmukh, S.; Snetselaar, L.G.; Van Horn, L.; Stevens, V.J.; Robson, A.M.; Lasser, N.L.; Himes, J.H.; et al. Adolescent diet and metabolic syndrome in young women: Results of the Dietary Intervention Study in Children (DISC) follow-up study. J. Clin. Endocrinol. Metab. 2011, 96, E1999–E2008. [Google Scholar] [CrossRef]

	



Kim, B.; Choi, H.N.; Yim, J.E. Effect of Diet on the Gut Microbiota Associated with Obesity. J. Obes. Metab. Syndr. 2019, 28, 216–224. [Google Scholar] [CrossRef] [PubMed]

	



Smith, R.N.; Mann, N.J.; Braue, A.; Mäkeläinen, H.; Varigos, G.A. A low-glycemic-load diet improves symptoms in acne vulgaris patients: A randomized controlled trial. Am. J. Clin. Nutr. 2007, 86, 107–115. [Google Scholar] [CrossRef] [PubMed]

	



Demol, S.; Yackobovitch-Gavan, M.; Shalitin, S.; Nagelberg, N.; Gillon-Keren, M.; Phillip, M. Low-carbohydrate (low & high-fat) versus 53 high-carbohydrate low-fat diets in the treatment of obesity in adolescents. Acta Paediatric 2009, 98, 346–351. [Google Scholar]

	



Statovci, D.; Aguilera, M.; MacSharry, J.; Melgar, S. The impact of Western diet and nutrients on the microbiota and immune response at mucosal interfaces. Front. Immunol. 2017, 8, 838. [Google Scholar] [CrossRef]

	



Cena, H.; Calder, P.C. Defining a Healthy Diet: Evidence for The Role of Contemporary Dietary Patterns in Health and Disease. Nutrients 2020, 12, 334. [Google Scholar] [CrossRef]

	



Calcaterra, V.; Regalbuto, C.; Porri, D.; Pelizzo, G.; Mazzon, E.; Vinci, F.; Zuccotti, G.; Fabiano, V.; Cena, H. Inflammation in Obesity-Related Complications in Children: The Protective Effect of Diet and Its Potential Role as a Therapeutic Agent. Biomolecules 2020, 10, 1324. [Google Scholar] [CrossRef]

	



Patel, D.K.; Stanford, F.C. Safety and tolerability of new-generation anti-obesity medications: A narrative review. Postgrad. Med. 2018, 130, 173–182. [Google Scholar] [CrossRef]

	



Flynn, J.T.; Kaelber, D.C.; Baker-Smith, C.M.; Blowey, D.; Carroll, A.E.; Daniels, S.R.; de Ferranti, S.D.; Dionne, J.M.; Falkner, B.; Flinn, S.K.; et al. Subcommittee on screening and management of high blood pressure in children. Clinical practice guideline for screening and management of high blood pressure in children and adolescents. Pediatrics 2017, 140, e20171904. [Google Scholar] [CrossRef]

	



Inge, T.H.; Laffel, L.M.; Jenkins, T.M.; Marcus, M.D.; Leibel, N.I.; Brandt, M.L.; Haymond, M.; Urbina, E.M.; Dolan, L.M.; Zeitler, P.S. Teen–Longitudinal Assessment of Bariatric Surgery (Teen-LABS) and Treatment Options of Type 2 Diabetes in Adolescents and Youth (TODAY) Consortia. Comparison of Surgical and Medical Therapy for Type 2 Diabetes in Severely Obese Adolescents. JAMA Pediatr. 2018, 172, 452–460. [Google Scholar] [CrossRef]

	



Czepiel, K.S.; Perez, N.P.; Campoverde Reyes, K.J.; Sabharwal, S.; Stanford, F.C. Pharmacotherapy for the Treatment of Overweight and Obesity in Children, Adolescents, and Young Adults in a Large Health System in the US. Front. Endocrinol. 2020, 11, 290. [Google Scholar] [CrossRef] [PubMed]

	



Johnson, V.R.; Cao, M.; Czepiel, K.S.; Mushannen, T.; Nolen, L.; Stanford, F.C. Strategies in the Management of Adolescent Obesity. Curr. Pediatr. Rep. 2020, 8, 56–65. [Google Scholar] [CrossRef]

	



Mastrandrea, L.D.; Witten, L.; Carlsson Petri, K.C.; Hale, P.M.; Hedman, H.K.; Riesenberg, R.A. Liraglutide effects in a paediatric (7-11 y) population with obesity: A randomized, double-blind, placebo-controlled, short-term trial to assess safety, tolerability, pharmacokinetics, and pharmacodynamics. Pediatr. Obes. 2019, 14, e12495. [Google Scholar] [CrossRef]

	



Singhal, S.; Kumar, S. Current Perspectives on Management of Type 2 Diabetes in Youth. Children 2021, 8, 37. [Google Scholar] [CrossRef] [PubMed]

	



White, B.; Jamieson, L.; Clifford, S.; Shield, J.P.; Christie, D.; Smith, F.; Wong, I.C.; Viner, R.M. Adolescent experiences of anti-obesity drugs. Clin. Obes. 2015, 5, 116–126. [Google Scholar] [CrossRef]

	



Rogovik, A.L.; Goldman, R.D. Pharmacologic treatment of pediatric obesity. Can. Fam. Physician 2011, 57, 195–197. [Google Scholar] [PubMed]

	



Yanovski, J.A.; Krakoff, J.; Salaita, C.G.; McDuffie, J.R.; Kozlosky, M.; Sebring, N.G.; Reynolds, J.C.; Brady, S.M.; Calis, K.A. Effects of metformin on body weight and body composition in obese insulin-resistant children: A randomized clinical trial. Diabetes 2011, 60, 477–485. [Google Scholar] [CrossRef] [PubMed]

	



Levy-Marchal, C.; Arslanian, S.; Cutfield, W.; Sinaiko, A.; Druet, C.; Marcovecchio, M.L.; Chiarelli, F. Insulin resistance in children: Consensus, perspective, and future directions. J. Clin. Endocrinol. Metab. 2010, 95, 5189–5198. [Google Scholar] [CrossRef]

	



Daniels, S.R.; Greer, F.R.; Committee on Nutrition. Lipid screening and cardiovascular health in childhood. Pediatrics 2008, 122, 198–208. [Google Scholar] [CrossRef] [PubMed]

	



Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents; National Heart, Lung and Blood Institute. Expert panel on integrated guidelines for cardiovascular health and risk reduction in children and adolescents: Summary report. Pediatrics 2011, 128, S213–S256. [Google Scholar] [CrossRef]

	



Avis, H.J.; Vissers, M.N.; Stein, E.A.; Wijburg, F.A.; Trip, M.D.; Kastelein, J.J.; Hutten, B.A. A systematic review and meta-analysis of statin therapy in children with familial hypercholesterolemia. Arterioscler. Thromb. Vasc. Biol. 2007, 27, 1803–1810. [Google Scholar] [CrossRef]

	



Sinha, R.; Saha, A.; Samuels, J. American Academy of Pediatrics Clinical Practice Guidelines for Screening and Management of High Blood Pressure in Children and Adolescents: What is New? Indian Pediatr. 2019, 56, 317–321. [Google Scholar] [CrossRef] [PubMed]

	



Pratt, J.S.A.; Browne, A.; Browne, N.T.; Bruzoni, M.; Cohen, M.; Desai, A.; Inge, T.; Linden, B.C.; Mattar, S.G.; Michalsky, M.; et al. ASMBS pediatric metabolic and bariatric surgery guidelines, 2018. Surg. Obes. Relat. Dis. 2018, 14, 882–901. [Google Scholar] [CrossRef]

	



Vlaev, I.; Taylor, M.J.; Taylor, D.; Gately, P.; Gunn, L.H.; Abeles, A.; Kerkadi, A.; Lothian, J.; Jreige, S.K.; Alsaadi, A.; et al. Testing a multicomponent lifestyle intervention for combatting childhood obesity. BMC Public Health 2021, 21, 824. [Google Scholar] [CrossRef]

	



Michalsky, M.; Reichard, K.; Inge, T.; Pratt, J.; Lenders, C.; American Society for Metabolic and Bariatric Surgery. ASMBS pediatric committee best practice guidelines. Surg. Obes. Relat. Dis. 2012, 8, 1–7. [Google Scholar] [CrossRef]

	



Fildes, A.; Charlton, J.; Rudisill, C.; Littlejohns, P.; Prevost, A.T.; Gulliford, M.C. Probability of an Obese Person Attaining Normal Body Weight: Cohort Study Using Electronic Health Records. Am. J. Public Health 2015, 105, e54–e59. [Google Scholar] [CrossRef]

	



Ogle, S.B.; Dewberry, L.C.; Jenkins, T.M.; Inge, T.H.; Kelsey, M.; Bruzoni, M.; Pratt, J.S.A. Outcomes of Bariatric Surgery in Older Versus Younger Adolescents. Pediatrics 2021, 147, e2020024182. [Google Scholar] [CrossRef] [PubMed]

	



Chopra, I.; Kamal, K.M. Factors associated with therapeutic goal attainment in patients with concomitant hypertension and dyslipidemia. Hosp. Pract. 2014, 42, 77–88. [Google Scholar] [CrossRef]

	



Fiechtner, L.; Fonte, M.L.; Castro, I.; Gerber, M.; Horan, C.; Sharifi, M.; Cena, H.; Taveras, E.M. Determinants of Binge Eating Symptoms in Children with Overweight/Obesity. Child. Obes. 2018, 14, 510–517. [Google Scholar] [CrossRef]

	



Treadwell, J.R.; Sun, F.; Schoelles, K. Systematic review and meta-analysis of bariatric surgery for pediatric obesity. Ann. Surg. 2008, 248, 763–776. [Google Scholar] [CrossRef]

	



Roebroek, Y.G.M.; Pruijssers, S.R.; Bouvy, N.D.; van Heurn, E.L.W.E. Current Opinions and Practices of Bariatric Surgery in Adolescents: A Survey among Pediatric Surgeons. Eur. J. Pediatr. Surg. 2020, 30, 117–121. [Google Scholar] [CrossRef] [PubMed]

	



Beamish, A.J.; Reinehr, T. Should bariatric surgery be performed in adolescents? Eur. J. Endocrinol. 2017, 176, D1–D15. [Google Scholar] [CrossRef] [PubMed]

	



Khidir, N.; El-Matbouly, M.A.; Sargsyan, D.; Al-Kuwari, M.; Bashah, M.; Gagner, M. Five-year Outcomes of Laparoscopic Sleeve Gastrectomy: A Comparison between Adults and Adolescents. Obes. Surg. 2018, 28, 2040–2045. [Google Scholar] [CrossRef]

	



Stanford, F.C.; Mushannen, T.; Cortez, P.; Campoverde Reyes, K.J.; Lee, H.; Gee, D.W.; Pratt, J.S.; Boepple, P.A.; Bredella, M.A.; Misra, M.; et al. Comparison of Short and Long-Term Outcomes of Metabolic and Bariatric Surgery in Adolescents and Adults. Front. Endocrinol. 2020, 11, 157. [Google Scholar] [CrossRef]

	



Steinhart, A.; Tsao, D.; Pratt, J.S.A. Pediatric Metabolic and Bariatric Surgery. Surg. Clin. N. Am. 2021, 101, 199–212. [Google Scholar] [CrossRef] [PubMed]

	



Di Lorenzo, N.; Antoniou, S.A.; Batterham, R.L.; Busetto, L.; Godoroja, D.; Iossa, A.; Carrano, F.M.; Agresta, F.; Alarçon, I.; Azran, C.; et al. Clinical practice guidelines of the European Association for Endoscopic Surgery (EAES) on bariatric surgery: Update 2020 endorsed by IFSO-EC, EASO and ESPCOP. Surg. Endosc. 2020, 34, 2332–2358. [Google Scholar] [CrossRef]

	



Nobili, V.; Vajro, P.; Dezsofi, A.; Fischler, B.; Hadzic, N.; Jahnel, J.; Lamireau, T.; McKiernan, P.; McLin, V.; Socha, P.; et al. Indications and limitations of bariatric intervention in severely obese children and adolescents with and without nonalcoholic steatohepatitis: ESPGHAN Hepatology Committee Position Statement. J. Pediatr. Gastroenterol. Nutr. 2015, 60, 550–561. [Google Scholar] [CrossRef] [PubMed]

	



Bundy, D.A.P.; Silva, N.D.; Horton, S.; Jamison, D.T.; Patton, G.C. (Eds.) Child and Adolescent Health and Development, 3rd ed.; The International Bank for Reconstruction and Development/The World Bank: Washington, DC, USA, 2017. [Google Scholar]

	



Cena, H.; Stanford, F.C.; Ochner, L.; Fonte, M.L.; Biino, G.; De Giuseppe, R.; Taveras, E.; Misra, M. Association of a history of childhood-onset obesity and dieting with eating disorders. Eat. Disord. 2017, 25, 216–229. [Google Scholar] [CrossRef]

	



Goldschmidt, A.B.; Khoury, J.; Jenkins, T.M.; Bond, D.S.; Thomas, J.G.; Utzinger, L.M.; Zeller, M.H.; Inge, T.H.; Mitchell, J.E. Adolescent Loss-of-Control Eating and Weight Loss Maintenance After Bariatric Surgery. Pediatrics 2018, 141, e20171659. [Google Scholar] [CrossRef]

	



Utzinger, L.M.; Gowey, M.A.; Zeller, M.; Jenkins, T.M.; Engel, S.G.; Rofey, D.L.; Inge, T.H.; Mitchell, J.E. Teen Loss of control eating and eating disorders in adolescents before bariatric surgery. Int. J. Eat. Disord. 2016, 49, 947–952. [Google Scholar] [CrossRef]

	



Jarvholm, K.; Olbers, T.; Peltonen, M.; Marcus, C.; Dahlgren, J.; Flodmark, C.E.; Henfridsson, P.; Gronowitz, E.; Karlsson, J. Binge eating and other eating-related problems in adolescents undergoing gastric bypass: Results from a Swedish nationwide study (AMOS). Appetite 2018, 127, 349–355. [Google Scholar] [CrossRef]

	



Austin, H.; Smith, K.; Ward, W.L. Psychological assessment of the adolescent bariatric surgery candidate. Surg. Obes. Relat. Dis. 2013, 9, 474–480. [Google Scholar] [CrossRef]

	



Tagi, V.M.; Samvelyan, S.; Chiarelli, F. Treatment of Metabolic Syndrome in Children. Horm. Res. Pediatr. 2020, 93, 215–225. [Google Scholar] [CrossRef]

	



Kheirvari, M.; Nikroo, N.D.; Jaafarinejad, H.; Farsimadan, M.; Eshghjoo, S.; Hosseini, S.; Anbara, T. The advantages and disadvantages of sleeve gastrectomy; clinical laboratory to bedside review. Heliyon 2020, 6, e03496. [Google Scholar] [CrossRef]

	



Arman, G.A. Long-term (11+years) outcomes in weight, patient satisfaction, comorbidities, and gastroesophageal reflux treatment after laparoscopic sleeve gastrectomy. Surg. Obes. Relat. Dis. 2016, 12, 1778–1786. [Google Scholar] [CrossRef] [PubMed]

	



Xanthakos, S.A.; Khoury, J.C.; Inge, T.H.; Jenkins, T.M.; Modi, A.C.; Michalsky, M.P.; Chen, M.K.; Courcoulas, A.P.; Harmon, C.M.; Brandt, M.L.; et al. Teen Longitudinal Assessment of Bariatric Surgery Consortium. Nutritional Risks in Adolescents After Bariatric Surgery. Clin. Gastroenterol. Hepatol. 2020, 18, 1070–1081. [Google Scholar] [CrossRef]

	



Bondada, S.; Jen, H.C.; Deugarte, D.A. Outcomes of bariatric surgery in adolescents. Curr. Opin. Pediatr. 2011, 23, 552–556. [Google Scholar] [CrossRef]

	



Nguyen, N.T.; Kim, E.; Vu, S.; Phelan, M. Ten-year Outcomes of a Prospective Randomized Trial of Laparoscopic Gastric Bypass Versus Laparoscopic Gastric Banding. Ann. Surg. 2018, 268, 106–113. [Google Scholar] [CrossRef] [PubMed]

	



Inge, T.H.; Courcoulas, A.P.; Helmrath, M.A. Five-Year Outcomes of Gastric Bypass in Adolescents as Compared with Adults. Reply. N. Engl. J. Med. 2019, 381, e17. [Google Scholar] [PubMed]

	



Oberbach, A.; Neuhaus, J.; Inge, T.; Kirsch, K.; Schlichting, N.; Blüher, S.; Kullnick, Y.; Kugler, J.; Baumann, S.; Till, H. Bariatric surgery in severely obese adolescents improves major comorbidities including hyperuricemia. Metabolism 2014, 63, 242–249. [Google Scholar] [CrossRef]

	



Griggs, C.L.; Perez, N.P., Jr.; Goldstone, R.N.; Kelleher, C.M.; Chang, D.C.; Stanford, F.C.; Pratt, J.S. National Trends in the Use of Metabolic and Bariatric Surgery Among Pediatric Patients with Severe Obesity. JAMA Pediatr. 2018, 172, 1191–1192. [Google Scholar] [CrossRef]

	



Nadler, E.P. Bariatric surgery and childhood obesity. Preface. Semin. Pediatr. Surg. 2014, 23, 1. [Google Scholar]

	



Angrisani, L.; Santonicola, A.; Iovino, P.; Vitiello, A.; Higa, K.; Himpens, J.; Buchwald, H.; Scopinaro, N.I.F.S.O. IFSO Worldwide Survey 2016: Primary, Endoluminal, and Revisional Procedures. Obes. Surg. 2018, 28, 3783–3794. [Google Scholar] [CrossRef]

	



Marnicola, G.; Gallo, C.; Hassan, C.; Raffaelli, M.; Costamagna, G.; Bove, V.; Pontecorvi, V.; Orlandini, B.; Boškoski, I. Laparoscopic sleeve gastrectomy versus endoscopic sleeve gastroplasty: A systematic review and meta-analysis. Endosc. Int. Open 2021, 9, E87–E95. [Google Scholar] [CrossRef]

	



Durkin, N.; Desai, A.P. What Is the Evidence for Paediatric/Adolescent Bariatric Surgery? Curr. Obes. Rep. 2017, 6, 278–285. [Google Scholar] [CrossRef] [PubMed]

	



Chaar, M.E. Thirty-day outcomes of sleeve gastrectomy versus Roux-en-Y gastric bypass: First report based on Metabolic and Bariatric Surgery Accreditation and Quality Improvement Program database. Surg. Obes. Relat. Dis. 2018, 14, 545–551. [Google Scholar] [CrossRef]

	



Spaniolas, K.; Yang, J.; Zhu, C.; Maria, A.; Bates, A.T.; Docimo, S.; Talamini, M.; Pryor, A.D. Conversion of Adjustable Gastric Banding to Stapling Bariatric Procedures: Single- or Two-stage Approach. Ann. Surg. 2021, 273, 542–547. [Google Scholar] [CrossRef]

	



Khorgami, Z.; Shoar, S.; Andalib, A.; Aminian, A.; Brethauer, S.A.; Schauer, P.R. Trends in utilization of bariatric surgery, 2010–2014: Sleeve gastrectomy dominates. Surg. Obes. Relat. Dis. 2017, 13, 774–778. [Google Scholar] [CrossRef] [PubMed]

	



Altieri, M.S.; DeMaria, E.J. Comment on: Standardized Reporting of Comorbidity Outcome After Bariatric Surgery: Low Compliance with the ASMBS Outcome Reporting Standards Despite Ease of Use. Surg. Obes. Relat. Dis. 2020, 16, 1682–1683. [Google Scholar] [CrossRef] [PubMed]

	



Chiu, S.; Birch, D.W.; Shi, X.; Sharma, A.M.; Karmali, S. Effect of sleeve gastrectomy on gastroesophageal reflux disease: A systematic review. Surg. Obes. Relat. Dis. 2011, 7, 510–515. [Google Scholar] [CrossRef] [PubMed]

	



Dang, J.T.; Shelton, J.; Mocanu, V.; Sun, W.; Birch, D.W.; Karmali, S.; Switzer, N.J. Trends and Outcomes of Laparoscopic Sleeve Gastrectomy Between 2015 and 2018 in the USA and Canada. Obes. Surg. 2021, 31, 675–681. [Google Scholar] [CrossRef] [PubMed]

	



Pepper, V.K.; Rager, T.M.; Diefenbach, K.A.; Raval, M.V.; Teich, S.; Michalsky, M.P. Robotic vs. Laparoscopic Sleeve Gastrectomy in Adolescents; Reality or Hype. Obes. Surg. 2016, 26, 1912–1917. [Google Scholar] [CrossRef]

	



Paulus, G.F.; de Vaan, L.E.; Verdam, F.J.; Bouvy, N.D.; Ambergen, T.A.; van Heurn, L.W. Bariatric surgery in morbidly obese adolescents: A systematic review and meta-analysis. Obes. Surg. 2015, 25, 860–878. [Google Scholar] [CrossRef] [PubMed]

	



Sarr, M.G. Outcome of sleeve gastrectomy as a primary bariatric procedure. Br. J. Surg. 2014, 101, 668. [Google Scholar] [CrossRef] [PubMed]

	



Butte, N.F.; Brandt, M.L.; Wong, W.W.; Liu, Y.; Mehta, N.R.; Wilson, T.A.; Adolph, A.L.; Puyau, M.R.; Vohra, F.A.; Shypailo, R.J.; et al. Energetic adaptations persist after bariatric surgery in severely obese adolescents. Obesity 2015, 23, 591–601. [Google Scholar] [CrossRef] [PubMed]

	



Jackson, W.L.; Lewis, S.R.; Bagby, J.P.; Hilton, L.R.; Milad, M.; Bledsoe, S.E. Laparoscopic sleeve gastrectomy versus laparoscopic Roux-en-Y gastric bypass in the pediatric population: A MBSAQIP analysis. Surg. Obes. Relat. Dis. 2020, 16, 254–260. [Google Scholar] [CrossRef]

	



Poliakin, L.; Roberts, A.; Thompson, K.J.; Raheem, E.; McKillop, I.H.; Nimeri, A. Outcomes of adolescents compared with young adults after bariatric surgery: An analysis of 227,671 patients using the MBSAQIP data registry. Surg. Obes. Relat. Dis. 2020, 16, 1463–1473. [Google Scholar] [CrossRef] [PubMed]

	



Sebastian, R.; Howell, M.H.; Chang, K.H.; Adrales, G.; Magnuson, T.; Schweitzer, M.; Nguyen, H. Robot-assisted versus laparoscopic Roux-en-Y gastric bypass and sleeve gastrectomy: A propensity score-matched comparative analysis using the 2015-2016 MBSAQIP database. Surg. Endosc. 2019, 33, 1600–1612. [Google Scholar] [CrossRef]

	



Moore, J.M.; Haemer, M.A.; Fox, C.K. Lifestyle and Pharmacologic Management Before and After Bariatric Surgery. Semin. Pediatr. Surg. 2020, 29, 150889. [Google Scholar] [CrossRef] [PubMed]

	



Cena, H.; De Giuseppe, R.; Biino, G.; Persico, F.; Ciliberto, A.; Giovanelli, A.; Stanford, F.C. Evaluation of eating habits and lifestyle in patients with obesity before and after bariatric surgery: A single Italian center experience. Springerplus 2016, 5, 1–9. [Google Scholar] [CrossRef]

	



Price, P.H.; Kaizer, A.M.; Daniels, S.R.; Jenkins, T.M.; Inge, T.H.; Eckel, R.H. Physical Activity Improves Lipid and Weight-Loss Outcomes After Metabolic Bariatric Surgery in Adolescents with Severe Obesity. Obesity 2019, 27, 989–996. [Google Scholar] [CrossRef]

	



Fruh, S.; Williams, S.; Hayes, K.; Hauff, C.; Hudson, G.M.; Sittig, S.; Graves, R.J.; Hall, H.; Barinas, J. A practical approach to obesity prevention: Healthy home habits. J. Am. Assoc. Nurse Pract. 2021. [Google Scholar] [CrossRef] [PubMed]

	



Johnson Stoklossa, C.; Atwal, S. Nutrition care for patients with weight regain after bariatric surgery. Gastroenterol. Res. Pract. 2013, 2013, 256145. [Google Scholar] [CrossRef] [PubMed]

	



Henfridsson, P.; Laurenius, A.; Wallengren, O.; Beamish, A.J.; Dahlgren, J.; Flodmark, C.-E.; Marcus, C.; Olbers, T.; Gronowitz, E.; Ellegard, L. Micronutrient intake and biochemistry in adolescents adherent or nonadherent to supplements 5 years after Roux-en-Y gastric bypass surgery. Surg. Obes. Relat. Dis. 2019, 15, 1494–1502. [Google Scholar] [CrossRef] [PubMed]

	



Inge, T.H.; Courcoulas, A.P.; Jenkins, T.M.; Michalsky, M.P.; Helmrath, M.A.; Brandt, M.L.; Harmon, C.M.; Zeller, M.H.; Chen, M.K.; Xanthakos, S.A.; et al. Weight Loss and Health Status 3 Years after Bariatric Surgery in Adolescents. N. Engl. J. Med. 2016, 374, 113–123. [Google Scholar] [CrossRef]

	



Gonzalez-Gross, M.; Valtuena, J.; Breidenassel, C.; Moreno, L.A.; Ferrari, M.; Kersting, M.; De Henauw, S.; Gottrand, F.; Azzini, E.; Widhalm, K.; et al. Vitamin D status among adolescents in Europe: The Healthy Lifestyle in Europe by Nutrition in Adolescence study. Br. J. Nutr. 2012, 107, 755–764. [Google Scholar] [CrossRef]

	



Fiamenghi, V.I.; Mello, E.D. Vitamin D deficiency in children and adolescents with obesity: A meta-analysis. J. Pediatr. 2020, 97, 273–279. [Google Scholar] [CrossRef]

	



Mans, E.; Serra-Prat, M.; Palomera, E.; Suñol, X.; Clavé, P. Sleeve gastrectomy effects on hunger, satiation, and gastrointestinal hormone and motility responses after a liquid meal test. Am. J. Clin. Nutr. 2015, 102, 540–547. [Google Scholar] [CrossRef] [PubMed]

	



Kwon, Y.; Kim, H.J.; Lo Menzo, E.; Park, S.; Szomstein, S.; Rosenthal, R.J. Anemia, iron and vitamin B12 deficiencies after sleeve gastrectomy compared to Roux-en-Y gastric bypass: A meta-analysis. Surg. Obes. Relat. Dis. 2014, 10, 589–597. [Google Scholar] [CrossRef]

	



Ruiz-Cota, P.; Bacardí-Gascón, M.; Jiménez-Cruz, A. Long-term outcomes of metabolic and bariatric surgery in adolescents with severe obesity with a follow-up of at least 5 years: A systematic review. Surg. Obes. Relat. Dis. 2019, 15, 133–144. [Google Scholar] [CrossRef]

	



Goldberg, H.R.; Chin, V.L.; Zitsman, J.L.; Zhang, C.; Williams, K.M.; Oberfield, S.; Fennoy, I. Bariatric Surgery in Adolescents: Is Routine Nutrient Supplementation Sufficient to Avoid Anemia Following Bariatric Surgery? Nutr. Clin. Pract. 2017, 32, 502–507. [Google Scholar] [CrossRef]

	



Elhag, W.; El Ansari, W.; Abdulrazzaq, S.; Abdullah, A.; Elsherif, M.; Elgenaied, I. Evolution of 29 Anthropometric, Nutritional, and Cardiometabolic Parameters Among Morbidly Obese Adolescents 2 Years Post Sleeve Gastrectomy. Obes. Surg. 2018, 28, 474–482. [Google Scholar] [CrossRef]

	



Stein, J.; Stier, C.; Raab, H.; Weiner, R. Review article: The nutritional and pharmacological consequences of obesity surgery. Aliment. Pharmacol. Ther. 2014, 40, 582–609. [Google Scholar] [CrossRef]

	



Sherf Dagan, S.; Tovim, T.B.; Keidar, A.; Raziel, A.; Shibolet, O.; Zelber-Sagi, S. Inadequate protein intake after laparoscopic sleeve gastrectomy surgery is associated with a greater fat free mass loss. Surg. Obes. Relat. Dis. 2017, 13, 101–109. [Google Scholar] [CrossRef] [PubMed]

	



Oudman, E.; Wijnia, J.W.; van Dam, M.; Biter, L.U.; Postma, A. Preventing Wernicke Encephalopathy After Bariatric Surgery. Obes. Surg. 2018, 28, 2060–2068. [Google Scholar] [CrossRef] [PubMed]

	



Whitfield, K.C.; Bourassa, M.W.; Adamolekun, B.; Bergeron, G.; Bettendorff, L.; Brown, K.H.; Cox, L.; Fattal-Valevski, A.; Fischer, P.R.; Frank, E.L.; et al. Thiamine deficiency disorders: Diagnosis, prevalence, and a roadmap for global control programs. Ann. N. Y. Acad. Sci. 2018, 1430, 3–43. [Google Scholar] [CrossRef] [PubMed]

	



Tang, L.; Alsulaim, H.A.; Canner, J.K.; Prokopowicz, G.P.; Steele, K.E. Prevalence and predictors of postoperative thiamine deficiency after vertical sleeve gastrectomy. Surg. Obes. Relat. Dis. 2018, 14, 943–950. [Google Scholar] [CrossRef] [PubMed]

	



Sugerman, H.J.; Sugerman, E.L.; DeMaria, E.J.; Kellum, J.M.; Kennedy, C.; Mowery, Y.; Wolfe, L.G. Bariatric surgery for severely obese adolescents. J. Gastrointest. Surg. 2003, 7, 102–108. [Google Scholar] [CrossRef]

	



Black, J.A.; White, B.; Viner, R.M.; Simmons, R.K. Bariatric surgery for obese children and adolescents: A systematic review and meta-analysis. Obes. Rev. 2013, 14, 634–644. [Google Scholar] [CrossRef]

	



Ells, L.J.; Mead, E.; Atkinson, G.; Corpeleijn, E.; Roberts, K.; Viner, R.; Baur, L.; Metzendorf, M.I.; Richter, B. Surgery for the treatment of obesity in children and adolescents. Cochrane Database Syst. Rev. 2015, 6, CD011740. [Google Scholar] [CrossRef]

	



O’Brien, P.E.; Sawyer, S.M.; Laurie, C.; Brown, W.A.; Skinner, S.; Veit, F.; Paul, E.; Burton, P.R.; McGrice, M.; Anderson, M.; et al. Laparoscopic adjustable gastric banding in severely obese adolescents: A randomized trial. JAMA 2010, 303, 519–526. [Google Scholar] [CrossRef]

	



Roberts, C.A. Physical and Psychological Effects of Bariatric Surgery on Obese Adolescents: A Review. Front. Pediatr. 2021, 8, 591598. [Google Scholar] [CrossRef]

	



Thomas, S.; Schauer, P. Bariatric surgery and the gut hormone response. Nutr. Clin. Pract. 2010, 25, 175–182. [Google Scholar] [CrossRef]

	



Sjöström, L.; Peltonen, M.; Jacobson, P.; Ahlin, S.; Andersson-Assarsson, J.; Anveden, Å.; Bouchard, C.; Carlsson, B.; Karason, K.; Lönroth, H.; et al. Association of bariatric surgery with long-term remission of type 2 diabetes and with microvascular and macrovascular complications. JAMA 2014, 311, 2297–2304. [Google Scholar] [CrossRef]

	



Pareek, M.; Schauer, P.R.; Kaplan, L.M.; Leiter, L.A.; Rubino, F.; Bhatt, D.L. Metabolic Surgery: Weight Loss, Diabetes, and Beyond. J. Am. Coll. Cardiol. 2018, 71, 670–687. [Google Scholar] [CrossRef] [PubMed]

	



Camilleri, M. Peripheral mechanisms in appetite regulation. Gastroenterology 2015, 148, 1219–1233. [Google Scholar] [CrossRef] [PubMed]

	



Karamanakos, S.N.; Vagenas, K.; Kalfarentzos, F.; Alexandrides, T.K. Weight loss, appetite suppression, and changes in fasting and postprandial ghrelin and peptide-YY levels after Roux-en-Y gastric bypass and sleeve gastrectomy: A prospective, double blind study. Ann. Surg. 2008, 247, 401–407. [Google Scholar] [CrossRef] [PubMed]

	



Wang, H.-T.; Lu, Q.-C.; Wang, Q.; Wang, R.-C.; Zhang, Y.; Chen, H.-L.; Zhao, H.; Qian, H.-X. Role of the duodenum in regulation of plasma ghrelin levels and body mass index after subtotal gastrectomy. World J. Gastroenterol. 2008, 14, 2425–2429. [Google Scholar] [CrossRef] [PubMed]

	



Kojima, S.; Ueno, N.; Asakawa, A.; Sagiyama, K.; Naruo, T.; Mizuno, S.; Inui, A. A role for pancreatic polypeptide in feeding and body weight regulation. Peptides 2007, 28, 459–463. [Google Scholar] [CrossRef] [PubMed]

	



Ramón, J.M.; Salvans, S.; Crous, X.; Puig, S.; Goday, A.; Benaiges, D.; Trillo, L.; Pera, M.; Grande, L. Effect of Roux-en-Y gastric bypass vs. sleeve gastrectomy on glucose and gut hormones: A prospective randomised trial. J. Gastrointest. Surg. 2012, 16, 1116–1122. [Google Scholar] [CrossRef] [PubMed]

	



Rehfeld, J.F. Incretin physiology beyond glucagon-like peptide 1 and glucose-dependent insulinotropic polypeptide: Cholecystokinin and gastrin peptides. Acta Physiol. 2011, 201, 405–411. [Google Scholar] [CrossRef] [PubMed]

	



Lloyd, K.C. Gut hormones in gastric function. Bailliere Clin. Endocrinol. Metab. 1994, 8, 111–136. [Google Scholar] [CrossRef]

	



Schrumpf, E.; Giercksky, K.E.; Nygaard, K.; Fausa, O. Gastrin secretion before and after gastric bypass surgery for morbid obesity. Scand. J. Gastroenterol. 1981, 16, 721–725. [Google Scholar] [CrossRef]

	



Ferzli, G.S.; Dominique, E.; Ciaglia, M.; Bluth, M.H.; Gonzalez, A.; Fingerhut, A. Clinical improvement after duodenojejunal bypass for non-obese type 2 diabetes despite minimal improvement in glycemic homeostasis. World J. Surg. 2009, 33, 972–979. [Google Scholar] [CrossRef]

	



Chambers, A.P.; Smith, E.P.; Begg, D.P.; Grayson, B.E.; Sisley, S.; Greer, T.; Sorrell, J.; Lemmen, L.; LaSance, K. Regulation of gastric emptying rate and its role in nutrient-induced GLP-1 secretion in rats after vertical sleeve gastrectomy. Am. J. Physiol. Endocrinol. Metab. 2014, 306, E424–E432. [Google Scholar] [CrossRef] [PubMed]

	



Jimenez, A.; Casamitjana, R.; Viaplana-Masclans, J.; Lacy, A.; Vidal, J. GLP-1 action and glucose tolerance in subjects with remission of type 2 diabetes after gastric bypass surgery. Diabetes Care 2013, 36, 2062–2069. [Google Scholar] [CrossRef]

	



Jimenez, A.; Mari, A.; Casamitjana, R.; Lacy, A.; Ferrannini, E.; Vidal, J. GLP-1 and glucose tolerance after sleeve gastrectomy in morbidly obese subjects with type 2 diabetes. Diabetes 2014, 63, 3372–3377. [Google Scholar] [CrossRef]

	



Tsoli, M.; Chronaiou, A.; Kehagias, I.; Kalfarentzos, F.; Alexandrides, T.K. Hormone changes and diabetes resolution after biliopancreatic diversion and laparoscopic sleeve gastrectomy: A comparative prospective study. Surg. Obes. Relat. Dis. 2013, 9, 667–677. [Google Scholar] [CrossRef]

	



Boggiano, M.M.; Chandler, P.C.; Oswald, K.D.; Rodgers, R.J.; Blundell, J.E.; Ishii, Y.; Beattie, A.H.; Holc, P.; Allison, D.B.; Schindler, M.; et al. PYY3-36 as an anti-obesity drug target. Obes. Rev. 2005, 6, 307–322. [Google Scholar] [CrossRef] [PubMed]

	



Olivan, B.; Teixeira, J.; Bose, M.; Bawa, B.; Chang, T.; Summe, H.; Lee, H.; Laferrere, B. Effect of weight loss by diet or gastric bypass surgery on peptide YY3-36 levels. Ann. Surg. 2009, 249, 948–953. [Google Scholar] [CrossRef]

	



Neary, M.T.; Batterham, R.L. Gut hormones: Implications for the treatment of obesity. Pharmacol. Ther. 2009, 124, 44–56. [Google Scholar] [CrossRef]

	



Foschi, D.; Corsi, F.; Pisoni, L.; Vago, T.; Bevilacqua, M.; Asti, E.; Righi, I.; Trabucchi, E. Plasma cholecystokinin levels after vertical banded gastroplasty: Effects of an acidified meal. Obes. Surg. 2004, 14, 644–647. [Google Scholar] [CrossRef]

	



Naslund, E.; Gryback, P.; Hellstrom, P.M.; Jacobsson, H.; Holst, J.J.; Theodorsson, E.; Backman, L. Gastrointestinal hormones and gastric emptying 20 years after jejunoileal bypass for massive obesity. Int. J. Obes. Relat. Metab. Disord. 1997, 21, 387–392. [Google Scholar] [CrossRef] [PubMed]

	



Peterli, R.; Steinert, R.E.; Woelnerhanssen, B.; Peters, T.; Christoffel-Courtin, C.; Gass, M.; Kern, B.; von Fluee, M.; Beglinger, C. Metabolic and hormonal changes after laparoscopic Roux-en-Y gastric bypass and sleeve gastrectomy: A randomized, prospective trial. Obes. Surg. 2012, 22, 740–748. [Google Scholar] [CrossRef] [PubMed]

	



Calcaterra, V.; Cena, H.; Fonte, M.L.; De Amici, M.; Vandoni, M.; Albanesi, M.; Pelizzo, G. Long-term Outcome after Robotic-assisted Gastroplication in Adolescents: Hunger Hormone and Food Preference Changes Two Case Reports. J. Clin. Res. Pediatr. Endocrinol. 2016, 8, 250–256. [Google Scholar] [CrossRef] [PubMed]

	



Cavin, J.B.; Couvelard, A.; Lebtahi, R.; Ducroc, R.; Arapis, K.; Voitellier, E.; Cluzeaud, F.; Gillard, L.; Hourseau, M.; Mikail, N.; et al. Differences in Alimentary Glucose Absorption and Intestinal Disposal of Blood Glucose After Roux-en-Y Gastric Bypass vs. Sleeve Gastrectomy. Gastroenterology 2016, 150, 454–464. [Google Scholar] [CrossRef]

	



Inabnet, W.B.; Winegar, D.A.; Sherif, B.; Sarr, M.G. Early outcomes of bariatric surgery in patients with metabolic syndrome: An analysis of the bariatric outcomes longitudinal database. J. Am. Coll. Surg. 2012, 214, 550–556. [Google Scholar] [CrossRef]

	



Schauer, P.R.; Bhatt, D.L.; Kirwan, J.P.; Wolski, K.; Brethauer, S.A.; Navaneethan, S.D.; Aminian, A.; Pothier, C.E.; Kim, E.S.; Nissen, S.E.; et al. STAMPEDE Investigators. Bariatric surgery versus intensive medical therapy for diabetes—3-year outcomes. N. Engl. J. Med. 2014, 370, 2002–2013. [Google Scholar] [CrossRef] [PubMed]

	



Bueter, M.; Dubb, S.S.; Gill, A.; Joannou, L.; Ahmed, A.; Frankel, A.H.; Tam, F.W.; le Roux, C.W. Renal cytokines improve early after bariatric surgery. Br. J. Surg. 2010, 97, 1838–1844. [Google Scholar] [CrossRef]

	



Viana, E.C.; Araujo-Dasilio, K.L.; Miguel, G.P.; Bressan, J.; Lemos, E.M.; Moyses, M.R.; de Abreu, G.R.; de Azevedo, J.L.; Carvalho, P.S.; Passos-Bueno, M.R.; et al. Gastric bypass and sleeve gastrectomy: The same impact on IL-6 and TNF-α. Prospective clinical trial. Obes. Surg. 2013, 23, 1252–1261. [Google Scholar] [CrossRef]

	



Ay, L.; Kopp, H.P.; Brix, J.M.; Ay, C.; Quehenberger, P.; Schernthaner, G.H.; Pabinger, I.; Schernthaner, G. Thrombin generation in morbid obesity: Significant reduction after weight loss. J. Thromb. Haemost. 2010, 8, 759–765. [Google Scholar] [CrossRef]

	



Blanco, D.G.; Funes, D.R.; Giambartolomei, G.; Lo Menzo, E.; Szomstein, S.; Rosenthal, R.J. Laparoscopic sleeve gastrectomy versus Roux-en-Y gastric bypass in cardiovascular risk reduction: A match control study. Surg. Obes. Relat. Dis. 2019, 15, 14–20. [Google Scholar] [CrossRef]

	



Praveen Raj, P.; Gomes, R.M.; Kumar, S.; Senthilnathan, P.; Karthikeyan, P.; Shankar, A.; Palanivelu, C. The effect of surgically induced weight loss on nonalcoholic fatty liver disease in morbidly obese Indians: "NASHOST" prospective observational trial. Surg. Obes. Relat. Dis. 2015, 11, 1315–1322. [Google Scholar] [CrossRef] [PubMed]

	



Gumbau, V.; Bruna, M.; Canelles, E.; Guaita, M.; Mulas, C.; Basés, C.; Celma, I.; Puche, J.; Marcaida, G.; Oviedo, M.; et al. A prospective study on inflammatory parameters in obese patients after sleeve gastrectomy. Obes. Surg. 2014, 24, 903–908. [Google Scholar] [CrossRef]

	



Michalsky, M.P.; Inge, T.H.; Jenkins, T.M.; Xie, C.; Courcoulas, A.; Helmrath, M.; Brandt, M.L.; Harmon, C.M.; Chen, M.; Dixon, J.B.; et al. Cardiovascular risk factors after adolescent bariatric surgery. Pediatrics 2018, 141, e20172485. [Google Scholar] [CrossRef] [PubMed]

	



Kowalewski, P.K.; Olszewski, R.; Waledziak, M.S.; Maciej, S.; Janik, M.R.; Kwiatkowski, A.; Gałązka-Świderek, N.; Cichoń, K.; Brągoszewski, J.; Paśnik, K. Long-term outcomes of laparoscopic sleeve gastrectomy: A single-center, retrospective study. Obes. Surg. 2018, 28, 130–134. [Google Scholar] [CrossRef] [PubMed]

	



Braghetto, I.; Korn, O.; Burgos, A.; Figueroa, M. When should be converted laparoscopic sleeve gastrectomy to laparoscopic roux-en-y gastric bypass due to gastroesophageal reflux? ABCD Arq. Bras. Cir. Dig. 2021, 33, e1553. [Google Scholar] [CrossRef]

	



Palma Dos Reis, C.R.; Serrano, F.; Fonseca, M.J.; Martins, A.T.; Campos, A.; McMahon, G.M.; Barros, H. The fetal origins of disease: A prospective cohort study on the association of preeclampsia and childhood obesity. J. Dev. Orig. Health Dis. 2021, 2, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Ahn, S.M. Current Issues in Bariatric Surgery for Adolescents with Severe Obesity: Durability, Complications, and Timing of Intervention. J. Obes. Metab. Syndr. 2020, 29, 4–11. [Google Scholar] [CrossRef]








[image: Children 08 00453 g001 550] 





Figure 1. Potential mechanisms of sleeve gastrectomy for reducing body weight and improving metabolism. GLP-1: glucagon-like peptide 1; PYY: peptide YY. 
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Table 1. Obesity related co-morbidities in children and adolescents. Kansra et al. [18], modified.
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Cardiovascular

Hypertension

Dyslipidemia

	
Endocrinology

Type II Diabetes Mellitus

Precocious puberty

Insulin resistance

PCOS

Menstrual irregularities




	
Gastrointestinal

Gastroesophageal reflux disease

Gallstones

Non-alcoholic fatty liver disease

	
Orthopedics

Slipped capital femoral epiphysis

Ankle sprains

Blount’s disease

Arthritis

Join pain

Tibia vara

Flat feet




	
Neurological

Pseudotumor cerebri

Headache

	
Renal

Glomerulonephritis

Nephrotic Syndrome




	
Respiratory

Asthma

Obstructive sleep apnea

	
Dermatological

Acanthosis Nigricans

Striae

Hidradenitis Suppurativa




	
Psychological

Depression

Anxiety

Poor-self-Esteem

Poor Body Image

Eating disorder

Sleep Disturbance
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Table 2. Diagnostic criteria for metabolic syndrome (MetS) in adolescent children aged 10 to 16 years according to International Diabetes Federation (IDF) versus IDEFICS study criteria, those recommended by Cook et al. [20], and those proposed by De Ferranti et al. [21].
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	International Diabetes Federation
	IDEFICS Study
	Cook et al.
	de Ferranti et al.





	Waist circumference ≥90th percentile for age and sex associated with at least 2 of the following:

	(1)

	
Fasting blood glucose ≥100 mg/dL (≥5.6 mmol/L)




	(2)

	
Triglyceride level ≥150 mg/dL (≥1.7 mmol/L)




	(3)

	
HDL cholesterol ≤40 mg/dL




	(4)

	
Systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg






	≥3 of the 4 following criteria:

	(1)

	
waist circumference ≥90th percentile (monitoring level) or ≥95th percentile (action level)




	(2)

	
Systolic and/or diastolic blood pressure ≥90th percentile (monitoring level) or ≥95th percentile (action level)




	(3)

	
Triglycerides ≥90th percentile (monitoring level) or ≥95th percentile (action level) or HDL cholesterol ≤10th percentile




	(4)

	
HOMA-IR or fasting plasma glucose ≥90th percentile (monitoring level) or ≥95th percentile (action level)






	≥3 of the 5 criteria below:

	(1)

	
waist circumference ≥90th percentile




	(2)

	
Blood Pressure ≥90th percentile




	(3)

	
Triglycerides ≥110 mg/dL




	(4)

	
HDL-cholesterol ≤40 mg/dL




	(5)

	
Impaired fasting glucose (≥110 mg/dL)






	≥3 of the 5 criteria below:

	(1)

	
waist circumference ≥75h percentile




	(2)

	
Blood Pressure ≥90th percentile




	(3)

	
Triglycerides ≥100 mg/dL




	(4)

	
HDL-cholesterol ≤50 mg/dL




	(5)

	
Impaired fasting glucose (≥110 mg/dL)













IDEFICS: Identification and prevention of dietary- and lifestyle-induced health effects in children and infants. HDL: High-density lipoprotein. HOMA-IR: Homeostatic model assessment fo insulin resistance.
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Table 3. Surgical and medical complications after laparoscopic sleeve gastrectomy (LSG).
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	General Complications
	Insufficient Weight Loss and Weight Regain





	Surgical complications (mostly minor complications)
	Acute post-operative

	−

	
Nausea, vomiting and dehydration




	−

	
Anastomotic leak (unexplained tachycardia within the first post-operative week)




	−

	
Gastric tube twist and volvolus




	−

	
Wound infection at trocar site




	−

	
At middle/long-term follow-up




	−

	
Hiatal hernia




	−

	
Gastroesophageal reflux




	−

	
Barrett’s esophagus




	−

	
Stricture (rare)









	Nutritional risks
	Micronutrient deficiencies

	−

	
Iron deficiency and anemia




	−

	
Vitamin B12 deficiency




	−

	
Reduction of folate absorption




	−

	
Hypo-ferritinemia




	−

	
Hypoalbuminemia




	−

	
Thiamine (vit B1) deficiency






Dehydration

Adverse bone density and bone microarchitectural changes
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