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About a third of children and adolescents are overweight or obese in the United Arab Emirates, and referrals for metabolic and bariatric surgery (MBS) are now common. Despite excellent evidence that MBS should be considered in adolescents with severe obesity, it remains a management approach of last resort in many cases. Baseline, real-world data on adolescent patients living with obesity referred for surgery, their characteristics, and how these relate to current and future referral policy are important to ensure best practice. Here we examined the demographic, anthropometric, and clinical characteristics of adolescents referred for MBS over a three-year period to Sheikh Shakhbout Medical City (SSMC), Abu Dhabi, UAE. Ninety-two adolescents living with obesity were recruited: 54.3% were female, the average age was 16.3 ± 2.4 years, and 88.0% of patients had a first-degree relative with a history of obesity and 62% a family history of bariatric surgery. The average BMI was 47.7 ± 10.5, and the average percentage of the 95th percentile BMI was 169.5 ± 38.8%. Complications of obesity (hypertension, type 2 diabetes and prediabetes, dyslipidemia, and liver function abnormalities) were common. Our analysis highlights that there exists a mismatch between the profiles of patients referred for MBS, local guidelines, and international best practice in decision-making for referral to MBS services. While many adolescents in the UAE seem to enjoy family support and experience in the surgical management of obesity, local guidelines need updating to reflect changes in the definitions of obesity, thresholds for referral, and to remove unnecessary developmental stage barriers to increase the window for personalized surgical management.
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1 Introduction

Obesity is a major public health challenge across the world, not least in the United Arab Emirates (UAE), where about a third of children and adolescents are classified as overweight or obese (1). Obesity is multifactorial and driven by genetics (2) and multiple socioeconomic, geographic, and environmental factors, especially individual and parental behaviors (3). The combined effects of these risk factors have driven a steady increase in the prevalence of childhood obesity globally and in the UAE over the last twenty years (3), especially in school-aged children in the 11–14-year age group (4). The recent COVID-19 pandemic only served to further exacerbate the problem in the UAE, with distance learning during lockdown increasing unhealthy food consumption and snacking (5). Obesity is a lifelong determinant of chronic ill-health and disease including metabolic disorders, cardiovascular disease, and cancer (6, 7), mandating robust responses to prevent and treat the condition. Given the well-established associations between obesity and these severe complications (8) and that these diseases tend to have a more aggressive clinical course the earlier they develop in life (9), the long-term health and wellbeing of children and adolescents living with obesity relies on appropriate, optimal, and personalized management of the disease in childhood to prevent a lifetime of physical and psychological ill-health.

Despite encouraging recent data showing decreases in BMI with glucagon-like peptide-1 receptor agonists in adolescents with obesity (10), non-surgical treatments for obesity such as diet, exercise, and behavioral modifications have generally been disappointing, with only modest outcome benefits in both adults and children (11–13). In adults, it is now accepted that metabolic and bariatric surgery (MBS) is the most effective therapy for individuals with a BMI ≥40 kg/m2 or BMI ≥35 kg/m2 with obesity-related co-morbidities (14) and even for individuals with a BMI between 30 and 34 kg/m2 with uncontrolled diabetes (15). There is also a growing body of evidence that MBS is efficacious in the adolescent age group [10–19 as defined by the WHO (16)]. Prospective longitudinal studies have shown that MBS results in significant and persistent reductions in body weight, correction of metabolic abnormalities, and increased quality of life with excellent patient satisfaction and safety profiles (17–20). This high-quality evidence has prompted support and evidence-based guidelines from the American Society for Metabolic and Bariatric Surgery (ASMBS) on the indications for MBS in the adolescent population (16), which largely mirror those for adults (21).

Despite this evidence, there remain barriers to the adoption of MBS in the routine care of adolescents with obesity, meaning that it remains a management approach of last resort in many cases. These barriers include persistent stigma associated with obesity, including among healthcare professionals; a lack of education about the positive benefits of surgery in the treatment of childhood obesity; and a lack of data on the prevalence and clinical characteristics of adolescents living with obesity and suitable for MBS. Furthermore, local guidelines on the management of adolescents living with obesity—including those in the UAE (22, 23)—may not accurately reflect best practice or expert consensus as reflected in the evidence-based guidelines. For instance, current UAE guidelines still mandate epiphyseal closure as a requirement for MBS (22, 23), despite an absence of evidence that puberty status is adversely affected by MBS. Therefore, capitalizing on the high prevalence of childhood obesity in our pediatric practice, we examine the demographic, anthropometric, and clinical characteristics of adolescents referred for MBS over a three-year period to provide new, real-world data describing the clinical need for MBS in this growing population of high-risk patients.



2 Methods

This study is reported according to the STROBE guidelines for observational studies (24). This was a prospective observational, cohort study of adolescents living with obesity attending pediatric endocrine clinics as part of their multidisciplinary team management as candidates for bariatric surgery between January 2020 and July 2023 at Sheikh Shakhbout Medical City (SSMC), Abu Dhabi, UAE. Patients were aged between 12 and 19 years according to the WHO definition of adolescence (16). The Institutional Review Board of the SSMC approved the study protocol (protocol number SSMCREC-322), and all children or their parents/guardians provided written consent or assent for study participation.

Patients were selected according to rigorous, structured local practice (22, 23). For eligibility for bariatric surgery, they must have failed intensive lifestyle interventions for a minimum of six months under comprehensive, structured supervision by the multidisciplinary team and they had to meet the following criteria: (i) be severely obese (defined by the World Health Organization as a body mass index >40); (ii) have comorbidities related to obesity that might be remedied with durable weight loss; and (iii) show skeletal and developmental maturity. For patients prescribed liraglutide, this was only administered short-term (–12 weeks), as the drug is not covered by insurance in the UAE, precluding long-term treatment or achieving the higher effective dose.

Electronic medical records (EMR) were reviewed to obtain: (i) demographic data (sex, age at referral); (ii) clinical history [history of anti-obesity medication use, family history of obesity and history of bariatric surgery in a first degree relative (parent or sibling)]; (iii) anthropometric measures of weight (to the nearest 0.1 kg), height (to the nearest 0.1 cm), and BMI (calculated as kilograms divided by meters squared), with weight and BMI z-scores and centiles obtained through formulae embedded the EMR based on CDC growth charts; (iv) systolic and diastolic blood pressure recorded and interpreted as normal, elevated, stage 1, or stage 2 hypertension as per (25); (v) fasting lipid profile (total cholesterol, low density lipoprotein (LDL), high density lipoprotein (HDL), and triglycerides interpreted as per guidelines (26); (vi) HbA1c classified as normal if below 5.7%, pre-diabetes between 5.7% and 6.4%, and type 2 diabetes if over 6.4% (27); and (vii) presence or absence of obstructive sleep apnea (OSA). Due to inaccuracies in CDC z-scores and percentiles at very high BMIs in children (28, 29), obesity was also defined according to percentage BMI over the 95th percentile (class I, II and III obesity).

Data were analyzed in SPSS v.28 (IBM Statistics, Armonk, NY) and are presented as means (standard deviations; SD) or counts (%) for continuous or categorical data, respectively.



3 Results

Ninety-two adolescents living with obesity were recruited to the study, and their clinical, demographic, and anthropometric characteristics are presented in Table 1. Just over half (54.3%) were female, and the average age of the study population was 16.3 ± 2.4 years. The majority of patients had a first-degree relative with a history of obesity (88.0%), and nearly two-thirds (62%) had a family history of bariatric surgery: in six patients (6.5%), both parents had received surgery and in eleven patients (11.9%), two or more siblings had received bariatric surgery. Nine patients had previously been prescribed anti-obesity medication (liraglutide, 9.8%). However, as the drug is not covered by insurance in the UAE, liraglutide was only prescribed short-term in these patients, precluding long-term treatment or achieving the higher effective dose.


TABLE 1 Demographic and weight characteristics of adolescents living with obesity referred for bariatric surgery in the United Arab Emirates (n = 92).
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Nearly all patients had class 2 (n = 21, 22.8%; defined as a BMI ≥120% to <140% of the 95th percentile or BMI ≥35–<40 kg/m2) or class 3 (n = 71, 77.2%; defined as a BMI ≥140% of the 95th percentile or BMI ≥40 kg/m2) obesity (3, 29). The average BMI was 47.7 ± 10.5, and the average percentage of the 95th percentile BMI was 169.5 ± 38.8%.

Complications of obesity were common in the study population (Table 2). Half had OSA, and nearly half (43.5%) had established hypertension, ten (10.9%) with stage 2 disease. Although only three patients (3.3%) had established type 2 diabetes, nearly two-fifths had prediabetes (HbA1c 5.8%–6.5%). Dyslipidemia was common: two-fifths to a third of patients had borderline abnormal cholesterol, LDL, HDL, and triglyceride levels, while 5.4%, 3.3%, and 21.7% had abnormally high cholesterol, LDL, and triglyceride levels, respectively. Over a quarter of patients (28.3%) had a high ALT level indicative of steatohepatitis.


TABLE 2 Metabolic characteristics of the study cohort and frequency of complications (n = 92).
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Finally, we enumerated the number of complications (OSA, hypertension, borderline/high cholesterol, LDL, and triglyceride, low HDL, and abnormal ALT) in the study population, and nearly half of patients (48.9%) had three or more complications. Even when defined according to these weakly stringent criteria to include borderline lipid and metabolic abnormalities, three patients with class 3 obesity (4.2%) had no biochemical or clinical evidence of obesity-related complications.



4 Discussion

Baseline, real-world data on adolescents with obesity referred for surgery, their characteristics, and how these relate to current and future referral policy are important to ensure best practice. Here we describe real-world data on the characteristics of adolescents referred for MBS in a tertiary center in the UAE. Over a three-year period, nearly a hundred adolescents were referred for the procedure, highlighting the frequency and severity of the problem. Children referred for MBS lived with severe class 2 or 3 obesity, had frequent family histories of obesity and bariatric surgery, and experienced high levels of comorbidities including hypertension, dyslipidemia, OSA, and diabetes. However, not all children deemed clinically suitable for MBS in this cohort had a BMI >40, comorbidities, or had reached skeletal maturity as mandated in current UAE Department of Health Weight Management Program and Surgical Management guidelines (23). Furthermore, some children with class 3 obesity showed no evidence of obesity-related comorbidities, highlighting that physiological and biochemical measures of comorbidities are imperfect criteria for patient selection. Overall, our data highlight enthusiasm for MBS but also a need to re-examine local referral guidelines considering the growing population of patients in need and updates to international evidence-based guidelines. Doing so would ensure that the window to individualize surgery in adolescents is maximized.

Local management of adolescents living with obesity in the UAE is through rigorous, structured practice (22, 23). According to current guidelines, adolescents with obesity (defined as a BMI >2 SD above the WHO Growth Reference median, equivalent to the 97th percentile) are eligible for family-centered, multidisciplinary, insurance-funded care involving specialist physicians, dieticians, psychologists, and other relevant health professionals as required. For a young patient to be eligible for bariatric surgery, intensive lifestyle interventions must be attempted for a minimum of six months under comprehensive, structured supervision the multidisciplinary team. Furthermore, current DoH standards for the surgical management of obesity state that adolescents (<18 years) must meet all of the following major criteria in addition to six months of intensive lifestyle interventions: (i) be severely obese (defined by the World Health Organization as a body mass index >40); (ii) have comorbidities related to obesity that might be remedied with durable weight loss; and (iii) show skeletal and developmental maturity. Therefore, while UAE guidelines for adults mirror current international guidance of BMI ≥40 kg/m2 without comorbidities or BMI ≥35 kg/m2 with obesity-related co-morbidities (14) and even for individuals with a BMI between 30 and 34 kg/m2 with uncontrolled diabetes (15), the acceptance criteria for adolescents currently do not reflect current evidence-based best practice in four main areas: (i) definition of adolescence; (ii) definitions of childhood obesity; (iii) requirements for comorbidities in class 3 disease; and (iv) the requirement for skeletal and developmental maturity. These discrepancies with well-accepted ASMBS consensus guidelines risk reducing the number of young people eligible for MBS who might otherwise benefit, thereby placing adolescents living with obesity at a significant disadvantage and increase the risk of persistent obesity and end-organ damage from chronic comorbidities.

First, the ASMBS guidelines define adolescence according to WHO criteria, i.e., people between 10 and 19 years of age (16), compared to an upper limit of 17 in current UAE guidelines.

Second, recognizing that CDC z-scores and percentiles are inaccurate in children and adolescents with very high BMIs (28, 29), the CDC, American Academy of Pediatrics (AAP), and the American Heart Association (AHA) now consistently define obesity categories in adolescents using percentage of the 95th percentile cutoffs, i.e., obesity class I (≥95th percentile to <120% of the 95th percentile); obesity class II (≥120% to <140% of the 95th percentile) or a BMI ≥35–≤39 kg/m2, whichever is lower; or obesity class III (≥140% of the 95th percentile) or BMI ≥40 kg/m2, whichever is lower (3, 29). In this way, criteria for MBS now mirror the recommendations for adults [BMI ≥40 kg/m2 without comorbidities or BMI ≥35 kg/m2 with obesity-related co-morbidities (14)], albeit with a slightly extended range of comorbidities specific for adolescents (hyperlipidemia, hypertension, type 2 diabetes, insulin resistance, reduced health-related quality of life, gastroesophageal reflux disease, OSA, non-alcoholic steatohepatitis, orthopedic disease, idiopathic intracranial hypertension).

Third, requiring adolescents with a BMI >40 to have a co-morbidity (as in current local and older guidelines) places young people at unnecessary risk of future [and more severe (9)] health risks. Our data show that not all patients with class 3 obesity have overt comorbidities, but this does not necessarily correspond to a reduced risk of future complications, rapid deterioration of less severe complications, nor that MBS would be ineffective. The reasons why some patients with class 3 obesity develop complications and others do not require further clarification, not least because the development of complications may at least in part be genetically determined [such as through specific polymorphisms, e.g., in the fat mass and obesity-associated gene, FTO (30)] and therefore useful for personalized management. It might also in part explain why the data evidencing the health risks from obesity-related comorbidities are unequivocal. Severe obesity is associated with the development of several cardiovascular risk factors such as type 2 diabetes and dyslipidemia, subsequent cardiovascular disease, and premature mortality through cardiovascular events in early adulthood (31, 32). Importantly, children who become non-obese by adulthood no longer carry the same risks of adverse cardiovascular outcomes (32), including when weight loss is attainted through MBS (33). When type 2 diabetes develops in adolescents, β-cell function declines more rapidly than in adulthood (34), end-organ injury occurs earlier (35), and both primary disease and its complications tend to be medical therapy-resistant (36). Most importantly, MBS has been shown to promote very high rates of remission of type 2 diabetes, even more so in adolescents than in adults (17, 37). Similar impressive and persistent resolutions of comorbidities after MBS in adolescents have been observed for OSA (38, 39) and quality of life (16, 17).

Fourth, there is no evidence that withholding MBS from children and adolescents who have yet to undergo or complete puberty is of benefit. On the contrary, one case-control study comparing children undergoing MBS with age- and sex-matched controls receiving non-surgical management showed faster growth in the group undergoing surgery (40). A recent analysis comparing younger (13–15 years) and older (16–19 years) adolescents similarly showed similar outcomes in terms of hypertension and dyslipidemia remission with equivalent weight loss and quality of life improvements (41). Although more prospective, longitudinal data are required, given the clear benefit-to-risk profile of MBS, physicians and pediatricians should no longer hesitate to refer younger adolescents for MBS through fear of adverse effects on growth and development (42).

The frequency of comorbidities in our cohort was similar to that seen in other populations (16, 17). However, the demographics of our population differed slightly to those observed in other countries and studies, especially with regard to the age and sex distributions. In our cohort, there was an approximately equal distribution of males and females, compared with many previous studies from the US that have consistently reported a majority of female patients (70% or more) (43–45). The reasons for this difference are unclear, although a higher acceptance (i.e., preference) for MBS has been reported in girls than boys in a Swedish study, perhaps because girls have a higher psychosocial burden from obesity than boys, motivating acceptance of invasive procedures (46). While this might also be true in the UAE, our population was enriched for patients with first-degree relatives who were also obese or who had undergone bariatric surgery. The reasons for the strong family history seen in our population are unclear, and we did not perform genetic testing to investigate for uncommon monogenic forms. However, given the complex and multifactorial nature of obesity (47), the familial predisposition is likely to represent a mixture of inheritance of low- to moderate-risk susceptibility genes [there is good evidence that energy homeostasis and thermogenesis, adipogenesis, leptin-insulin signaling, and hormonal signaling genes contribute to the development of obesity (48, 49)] and exposure to a common “obesogenic environment”, which is prominent in Arab countries (50). Nevertheless, it has been shown that the decision to pursue surgery and subsequent behavior is significantly influenced by family in the Middle East, where there is greater involvement of family in healthcare decision-making (51). These cultural and family influences may influence positive decision-making in children and adolescents living with obesity. Furthermore, compared with previous US studies where the majority (>80%) of adolescents undergoing MBS were 17–19 years of age (43, 52), over half (55/92, 60%) of our cohort were aged <17 years. Far from indicating hesitancy for surgery from younger patients and their families, there seems to be greater acceptance of MBS for younger adolescents in the UAE. Provided that the medical professional can similarly follow suit and reduce barriers to surgery for prepubertal children with obesity, there seems to be a culture of acceptance of MBS in the UAE that could help contribute to improving outcomes for adolescents with severe obesity.

This study has some limitations. First, this was a single-center, observational study, so there may have been selection biases and the results are not generalizable to other populations. However, the aim of this study was to provide insights into the local characteristics of adolescents referred for MBS to educate and inform local referral practice. Second, we did not have data on every comorbidity such as health-related quality of life, gastroesophageal reflux disease, orthopedic disease, and idiopathic intracranial hypertension, so we may not have accounted for every comorbidity in out cohort. Third, we did not assess the psychosocial factors that influenced the decision of patients to pursue MBS, and although we speculate that cultural and family influences may have influenced positive decision-making in children and adolescents living with obesity in the UAE, it would be interesting to quantify the influence of psychosocial factors on patient decision-making. Fourth, we did not perform any genetic analyses, so we could not establish any genetic determinants of obesity and obesity-related complications. Fifth, although the evidence supporting MBS as part of standard-of-care for the management of adolescents living with obesity is now unequivocal, including in the UAE (53), the procedure does have some side-effects including decreased absorption of vitamins and minerals that require proactive clinical management including dietary intervention and supplements to prevent negative clinical outcomes (54), and we did not examine these sequelae here. Finally, only a small proportion of our cohort trialed weight loss medications prior to MBS, and, given the data supporting the efficacy of glucagon-like peptide-1 receptor agonists in adolescents with obesity (55), further work is now required to definitively establish the role for pharmacotherapy in bridging the gap between diet and lifestyle interventions and weight loss surgery.

This study provides new data on the clinical, demographic, and anthropometric profiles of adolescents referred for surgery in the UAE. Our analysis highlights that there is a mismatch between the profiles of patients referred for MBS, local guidelines, and international best practice in decision-making for referral to MBS services. Local guidelines in the UAE for children and adolescents living with obesity have many positive aspects, not least their family-centered, multidisciplinary approach, but they also need updating to reflect changes in the definitions of obesity, thresholds for referral, and unnecessary developmental barriers to increase the window for personalized surgical management. Given that many adolescents in the UAE seem to enjoy family support and experience in the surgical management of obesity, it is imperative that the profession similarly embraces best practice to improve the present and future health of these young people. Further large, prospective, multicenter studies are needed to provide empirical evidence supporting revision of the selection criteria for referral to bariatric surgery and to explore the long-term effects of the procedure on growth, puberty and nutritional status and health in children undergoing bariatric surgery, especially at younger ages.
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