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Abstract

:

Obesity might adversely affect the health and well-being of children and their families. Childhood obesity has crucial implications for health, both during childhood and as they age. It is highly associated with many acute problems and is commonly present during childhood, making visits and hospital admissions polarized in this group of children. The problems that may affect these children can be medical, such as asthma, chronic inflammation, orthopedic abnormalities, liver disease, diabetes mellitus or dyslipidemia. Long-term consequences of cardiovascular risk factors, the persistence of obesity and premature mortality are common among adults who had obesity during their early lives. Additionally, they could also suffer from psychological issues, such as low self-esteem, which puts them at risk of a much more serious psychosocial problem that may lead to depression, as well as a disruption in educational achievements and social relationships. A healthy diet, physical activity, adequate sleep, and limited screen time are all preventive measures that should be implemented at the family and community levels, preferably through well-structured programs. Furthermore, pharmacological management of childhood obesity is limited and only used after non-pharmacological interventions have failed or in the late stages of obesity. However, recent guidelines advocate the early use of medical interventions. Approved pharmacotherapeutic options include orlistat, phentermine/topiramate combination and liraglutide. There are several other options approved primarily for other specific forms of obesity or for other indications, including setmelanotide, metformin, lisdexamfetamine, zonisamide and fluoxetine. Bariatric surgery is a safe and effective option in cases with extreme obesity and comorbidities considering the need for long-term monitoring and support for cases and their families post-surgery. This review aims to discuss and highlight the recent evidence regarding risk factors, clinical consequences, prevention, and treatment of childhood obesity.
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1. Introduction


Obesity is an exorbitant build-up of adipose tissue that damages the well-being of an individual who suffers from that condition [1]. It is known to be caused by excess calorie intake in diets and inadequate energy consumption from physical activity, which can lead to a positive energy balance [2]. Various factors, such as genetic predispositions, behavior, and the environment, affect the risk of developing obesity [3]. Globally, millions of children under five years old are struck by having overweight and obesity [4]. The obesity prevalence among adolescents from 1975 to 2016 showed an increasing trend globally, with a 4.9% increment in girls and 6.9% in boys [5]. According to recent data, overweight and obesity affect approximately 330 million children and adolescents aged 5 to 19 years [6]. Childhood overweight and obesity have shown a rising trend within the past few decades worldwide, significantly in most high-income countries and, from the limited data accessible, rapidly in other income-class countries [7]. For example, in a systemic analysis from 1980 to 2013, the combined prevalence of overweight and obesity in children worldwide rose by 47.1% [8].



Childhood obesity is thought to increase the risk of developing various comorbidities, including hypertension, diabetes, precocious puberty, irregular menstruation, non-alcoholic fatty liver diseases, polycystic ovarian syndrome, sleep apnea, asthma, musculoskeletal and mental health diseases [9]. Therefore, following the preceding data, the rise in global obesity is a compelling health burden that should be addressed through a proper plan of action to withstand the impacts of childhood obesity upon our generations. This work aims to provide a comprehensive review of childhood obesity that discusses the contributing risk factors, the anticipated clinical consequences, prevention recommendations, and current treatment trends.




2. Risk Factors


Although the cause of the incidence of obesity, in general, can be reduced to the problem of relatively disproportionate energy intake from diets and energy consumption by the body for daily usage, it is well-recognized that obesity development is multifactorial and correlates with the child’s developmental process [10]. Those factors include nutrition, socioeconomic status (SES), individual lifestyle, antenatal history, weight at birth, and genetic factors.



2.1. Nutrition and Diet


A commonly associated risk factor with cases of childhood obesity is nutrition or the type of diet the children have in their daily life [10]. It has been reported that those consuming more than two times carbonated soft drinks and at least one fast food daily were at a substantially higher risk of being overweight or developing obesity. This is due to the high energy content in food and drinks, which results in a positive energy balance [11]. A study on school adolescents in Malaysia found that consuming dairy products and milk among adolescents was positively associated with obesity [12]. The quality of the diet is also associated with the risk of obesity and the correlation between dietary habits and the prevalence of overweight and obesity has been well-established in the literature [13]. Healthy Eating (HEI) study observed that obesity in adolescents correlated with diet quality [14]. Additionally, skipping breakfast is a critical risk factor for obesity development, as several studies reported a significant association between skipping breakfast and the risk of adiposity [15].



It is essential to highlight that the challenge of the overabundance of calories has several contributing factors. As energy-dense and ultra-processed foods become more readily available, they are designed to enhance the reward response by stimulating dopamine receptors in the brain [16]. Portion size is also critical considering the increase in sizes by food industries with the increasing trend of eating outside the home [17]. A study on dietary intake found that consuming vegetables at least twice per day can act as a protective measure against overweight and obesity [11]. Therefore, adherence to recommended food diets is critical for lowering the rate of overweight and obesity in children and adolescents.




2.2. Socioeconomic Factors


Childhood obesity is also influenced by socioeconomic factors, including low socioeconomic status, low parental education, non-parental caregivers, a lower fruit-eating frequency, short sleeping hours, and parental obesity [18]. Moreover, adverse childhood experiences are social determinants of health that increase the risk of the incidence of overweight and obesity in adolescence [19]. The lack of nutrition assistance programs and designated areas for active transportation and exercise creates variations and puts some members of the community with restricted access to such services, at a higher risk of obesity [20].




2.3. Comorbidities and Healthcare System-Related Factors


Concerning associated medical conditions, unhealthy weight was reported among children with comorbidities such as autism spectrum disorders and those with sleep and affective problems [21]. The lack of strategies to prevent weight stigma, and the shortage of competent trained healthcare professionals to provide optimal timely management of eating disorders are also critical risk factors [22]. Finally, despite being a well-established contributor to many clinical consequences and being recognized by the public to be a disease, obesity management is still not a priority in different health insurance plans, making the affordability of treatment and accessibility to care challenging [23].




2.4. Maternal-Related Factors


Research has shown that higher pre-pregnancy BMI directly correlates with childhood obesity [24]. It has also been found that parental BMI can substantially affect their children’s body weight [12]. It is thought that fetal growth contributes to the development of lean body mass later in life, making intrauterine life an important period for developing childhood obesity [25]. Similarly, small-for-gestational-age children are prone to accumulating fat mass, particularly in the abdominal area [25]. The main contributing factor, in this case, is the obesogenic environment that the children were brought up in, which will soon become habitual and inherently turn into a lifestyle that the offspring will adopt at a later age [26]. In addition, abdominal obesity is linked to metabolic syndrome, which includes dyslipidemia, hypertension, and abnormal glucose and insulin regulation [27]. Yang et al. concluded that parents’ BMI above normal value was strongly correlated with an elevated risk of metabolic syndrome in their kids [28]. Therefore, this might suggest why obesity can sometimes have a familial correlation as one of the risk factors.



A study examining the impact of birth weight on overweight and obesity in early school age concluded that the risk of being overweight or obese at an early age was higher in those with higher weight at birth [29]. There is also consistent evidence demonstrating a linear association between birth weight and BMI in later life [10]. Birth weight often correlates positively with body size and adiposity in later life [30]. A Malaysian study suggested that promoting a healthy lifestyle during pregnancy prevents excessive fetal weight that may lead to higher birth weight and make the offspring prone to develop overweight and obesity [12].




2.5. Physical Activity


The frequency of physical activity among children is another risk closely related to dietary intake. The lack of physical activity coupled with poor dietary choices is closely attributed to the positive energy balance that is widely recognized as the main culprit for the incidence of obesity [31]. Lack of physical activity and an excessively sedentary lifestyle are highly associated with the risk of developing overweight or obesity in adolescents due to lower body energy consumption to burn calories from dietary intake [11]. The opposite direction of this association also coincided when the finding showed that higher physical activity could lower the risk of obesity by 10% for each hour per day of moderate–vigorous exercise. One study in Malaysia concluded a significant association between media viewing and screen time, leading to relatively lower physical activity as part of the multifactorial plague causing the rise of childhood obesity [32].




2.6. Sleep Duration and Quality


Sleep duration and quality are deemed significant risk factors for childhood obesity. A meta-analysis conducted by Han et al. reported that an increased risk of childhood obesity is accompanied by short sleeping durations, especially in children less than 6 and 6–10 years old [33]. Additionally, decreased sleep timing was associated with adverse dietary intake behavior such as a decrease in the intake of fruits [34].





3. Clinical Consequences


Many consequences of obesity that were previously thought to be adult-dominated diseases are now affecting children [35]. Childhood obesity can lead to several short- and long-term cardiovascular, respiratory, orthopaedic, endocrinology, mental health and gastrointestinal/liver diseases. In this section, the major medical conditions associated with obesity are discussed [36].



3.1. Cardiovascular Disease


Childhood obesity has detrimental effects on the cardiovascular system, similar to those seen in adults. The most common cardiovascular risk factors associated with childhood obesity are hyperinsulinemia or insulin resistance, dyslipidemia, hypertension, ventricular defect, and endothelial function abnormalities [35]. Moreover, children with obesity are approximately three times more susceptible to hypertension than children without obesity [37].




3.2. Respiratory Disease


Obstructive sleep apnea (OSA) can cause failure to thrive, behavioral issues, decreased intellectual function, and an increased risk of cardiovascular morbidity, insulin resistance and weight gain in children [38]. OSA in children was previously thought to be only caused by adenotonsillar hypertrophy, but it has changed with the rise of childhood obesity [38]. Next, obesity certainly increases the risk of asthma, but the mechanism underlying this is not fully understood [39]. However, it has been known that obesity is more common in children with asthma, and studies of adults and children have found a link between asthma and a high body mass index (BMI) [40].




3.3. Endocrine Disease


The rising prevalence of childhood obesity has coincided with an increased incidence of T2DM in youths [36]. Furthermore, the earlier the onset of the disease, the greater the accelerated deterioration of the beta cell, making youths vulnerable to developing adult-like metabolic comorbidities at an early age [10]. The association between diabetes, impaired glucose tolerance and obesity is thought to be regulated through oxidized low-density lipoprotein antibodies [41].



Central precocious puberty (CPP) is a condition in which puberty begins before the age of 8 in girls and 9 in boys and is characterized by the early onset of secondary sexual characteristics due to the early onset of pulsatile secretion of gonadotrophin-releasing hormone [42]. Obesity is recognized as a significant underlying cause of CPP; where a study in China highlighted that being overweight and obese is related to increased odds of developing CPP, especially among girls [43]. Moreover, CPP was more likely to develop and occur when overweight or obesity persisted for more than one year in girls and two years in boys.



Moreover, an initial evaluation of whether girls with precocious adrenarche (PA) born at appropriate gestational age (AGA) were at greater risk of metabolic complications showed favorable lipid profiles upon metabolic screening and suggested that the atherogenic index increases with an increase in BMI and waist circumference in girls with PA [44].



Regarding the link between obesity and polycystic ovary syndrome (PCOS), there is some evidence that obesity might impact the risk of PCOS through insulin resistance and compensatory hyperinsulinemia, which increases ovarian/adrenal androgen production, as well as sex hormone-binding globulin (SHBG) suppression, which increases androgen bioavailability [45]. This demonstrates the link between peripubertal obesity and the increased prevalence and severity of adolescent PCOS.




3.4. Mental Health and Psychosocial


People with obesity are frequently subjected to public disapproval and stigma because of their weight, with women facing more discrimination [46]. In children with obesity, psychosocial issues can also arise as their weight is perceived as a significant handicap by others [35]. A study conducted in Sweden found that the odds of children with obesity getting anxiety and depression are higher than children without obesity [47]. Moreover, girls with obesity seemed to be at higher risk of getting anxiety and depression compared to boys with obesity [47]. Furthermore, girls and boys who are overweight or obese are at increased risk of bullying and academic failure, which creates a burden well into their adulthood [48].




3.5. Gastrointestinal and Hepatic Diseases


Childhood obesity significantly increases the risk of NAFLD among the pediatric population [49]. NAFLD manifests differently in children than in adults, with different biopsy findings and higher reported rates of fibrosis and cirrhosis [49]. Furthermore, according to a Chinese study, the incidence of NAFLD is high in obese children, and obesity is an important trigger of NAFLD, even though this disease can be found in a normal BMI population [50]. In addition, evidence showed an association between obesity and the risk of having gastroesophageal reflux disease, particularly among children 6–11 years and adolescents [51]. The prevalence of childhood obesity correlates with the increased hospitalization rates of pediatric cholelithiasis [52].




3.6. Infectious Diseases


Individuals who developed obesity are more prone to infections compared to those with normal weight. For example, data showed that individuals with obesity were more prone to exhibit Helicobacter pylori infections compared with those with normal BMI [53]. Obesity is associated with impaired immune responses and diminished functions of several immune cells, as there is a close interaction between immune tolerance and metabolic control [54]. The disruption of lymphoid tissue integrity can explain immune dysfunction in obese patients by fat accumulation and altered secretion of adipocytokines such as leptin or adiponectin [55].




3.7. Overall Increase in the Demand for Healthcare Services


As elaborated, obesity is linked to serious illnesses and health-related problems that may increase the demand for a range of health services and drug prescriptions. A recent Spanish longitudinal analysis highlighted that those children with obesity were more likely to demand health services for psychological and musculoskeletal conditions and consequently, they were more likely to receive an overall higher number of pharmacotherapy prescriptions [56]. A study conducted in England showed an increasing trend in hospital admission rates among children who had developed obesity, more significantly higher among girls than among boys [57]. Moreover, it was found that children with obesity are associated with prolonged hospitalization. In a study by Shanley et al. (2015), obese children admitted due to asthma have greater odds of prolonged length of hospital stay [58]. It is also complemented by another study that showed that children with obesity with severe asthma exacerbations have longer ICU and hospital lengths of stay [59].




3.8. Overall Increase in the Healthcare Costs


An analysis of the lifetime costs of childhood overweight and obesity uncovered a proportionality between body mass index and costs [60]. Compared to boys, girls have higher healthcare costs and income penalties, while boys have higher costs associated with lost workdays [60]. Medical expenditures on obesity have ranged from 5 to more than 12% of all medical expenditures across different states in the US [61]. A recent Italian study indicated that the total costs attributable to obesity amounted to EUR 13.34 billion in 2020 [62]. All these data underpin the direct and indirect burden imposed by obesity on the overall healthcare system.





4. Prevention


Despite the role of genetics, many other causative factors could be avoided to prevent pediatric obesity. In this section, the recent promising preventive approaches will be discussed. Implementing these interventions requires a societal approach that extends far beyond parental and educational directives. In fact, it should begin before becoming a parent or even sending children to school.



4.1. Obesogenic Environment-Oriented Approaches


Setting a healthy environment for infants requires multi-component intervention programs to reduce their risk of obesity. In addition, these approaches necessitate the participation of different parties, such as family, school, and community. Community-based strategies and socioeconomic factors play an influential role in combatting obesity in paediatrics. Governments (public sector) and food industries (private sector) share responsibility for reducing the obesogenic environment, as well as enforcing clear procedures and well-structured national programs to reduce the availability of highly processed foods in the food supply chain [63]. The range of preventive approaches may include banning the vending of calorie-rich beverages and food at schools, restricting the sale of these unhealthy obesogenic products, in the areas surrounding the schools, offering healthy but non-costly foods at schools and clubs, implementing taxation on junk food to limit their sale and spread in addition to encouraging students to be involved in a wide variety of physical activities at schools by providing playgrounds and gyms [15].



4.1.1. Healthy Diet


Parents should support their children in making the right choices, appropriate timing and correct dietary proportions for better health and nutrition status. The United States Department of Agriculture (USDA) has provided an excellent practical example of these diet recommendations under the name “MyPlate,” which is an easy-to-follow food guide designed to assist parents in providing balanced and nutritious meals to their children [64]. It is a colorful divided plate with sections for vegetables (green), fruits (red), grains (orange), protein (purple), and dairy (blue). The My Plate website provides simple messages to guide parents in selecting items for a balanced meal, halving the plate with vegetables and fruits, providing at least half of the recommended grains as whole grains, serving fat-free or low-fat milk and water instead of sugary drinks, and emphasizing not serving oversized portions [64].




4.1.2. Physical Activity


The child’s physical activity influence the risk of obesity. At least 60 min of moderate to vigorous exercise is recommended for children up to 15 years to combat obesity risk [65]. Promoting physical activity is not enough, but it should be combined with limiting screen time and a sedentary lifestyle [66].




4.1.3. Screen Time


Screen time is associated with obesity development, and different media devices contribute differently to increasing obesity risk [67]. Therefore, the screen time limitation is considered a promising protective factor against childhood obesity. It is recommended that screen time should not exceed 2 h per day [66]. It might also be critical to acknowledge the impact of social media on the pattern of food consumption among a relatively younger population, particularly those who have tried losing weight or have developed obesity [68].




4.1.4. Sleeping Duration and Quality


Maintaining adequate sleep duration and quality is essential for preventing the risk of developing overweight or obesity. Recommended sleeping duration ranges between 8 and 11 h in a quiet environment [66,69]. Adequate sleep duration is associated with increased consumption of healthier dietary choices of fruits and vegetables [70].





4.2. Maternal Health before and during Pregnancy


Alcohol consumption during pregnancy has detrimental effects on fetal and maternal gut microbiota composition. There was a significant correlation between maternal and neonatal well-being. Several studies documented maternal health influences on neonatal gut-microbiota composition, stating that infants born to obese women showed alterations in their gut-microbiota composition, increasing their risk of obesity [71]. In addition, placenta microbiota has also been shown to influence neonatal gut-microbiota composition [72]. Therefore, it is recommended to provide educational sessions to parents to encourage them to maintain a healthy diet before and during pregnancy and to quit smoking and alcohol consumption.



4.2.1. Vaginal Delivery


According to a recent meta-analysis, the risk of offspring obesity is increased by 30% after cesarean section (C.S.) delivery compared to vaginal delivery. Although the exact underlying mechanism is unknown, it is assumed that gut microbiota is a contributing factor [73]. The role of vaginal delivery mode in decreasing the risk of obesity is insignificant if the mother is obese or overweight. A recent study reported that infants born vaginally or via cesarean delivery to mothers with obesity are at higher risk of obesity than those born to normal-weighted mothers [73]. So, maternal weight contributes markedly to the potential benefit of vaginal over C.S. delivery; thus, it is correlated with the mom’s BMI and weight gain during pregnancy.




4.2.2. Breastfeeding


Compared to breastfeeding, formula feeding is associated with providing a greater level of fats and proteins, exceeding neonatal needs, eventually leading to an increased risk of obesity [74]. Breastfeeding is protective against pediatric adiposity, and its duration correlates with the risk of pediatric obesity [75]. For example, breastfeeding duration ≥7 months is linked to an approximately 21% decrease in the risk of obesity, while less duration for <3 months showed about a 10% decrease in the risk of childhood obesity [75]. Therefore, breastfeeding and its duration correlate well with decreasing the risk of childhood obesity, and thus, it represents the most appropriate feeding pattern for neonates. It is also essential to highlight the influence of the diet consumed by the infant after weaning, as it contributes substantially to healthy eating habits and the consumption of nutritious foods [76].





4.3. Strategies for Combating Weight Stigma and Enhancing Obesity Care


As part of the school-based curriculum, there should be strategies to help students prevent eating disorders and there should be school-based policies and social media campaigns designed to protect students from being bullied because of their weight [22]. Further, it is imperative to implement policies that recognize the clinical burden of obesity to make obesity management more accessible and affordable through the healthcare system and insurance companies.



Training of Healthcare Providers


The lack of knowledge among primary care providers and specialists has been reported to be one of the most serious barriers to prevention practices implementation in addition to their deviation from guidelines and their reluctance to interfere if the child’s weight is identified to jump into overweight and/or obese range [77]. There is an urgent need for better integration of pediatric content training in the curricula to strengthen the academic knowledge and practical skills related to obesity prevention and treatment among newborns and infants [78]. In view of the growing burden of childhood obesity, there is still a need for capacity building and training for educators and healthcare providers to enable them to identify and manage disordered eating and abnormal weight gain at an early stage [22]. Figure 1 depicts the range of preventive strategies for childhood obesity.






5. Treatment


Anti-obesity medications are adjunctive treatment to dietary and physical activity changes in childhood obesity and are typically highly sought-after failure of non-pharmacological interventions or in the late stages of obesity [79]. However, recent guidelines advocate the early use of medical and surgical interventions [80].



5.1. FDA-Approved Medications


5.1.1. Orlistat


Orlistat belongs to the lipase inhibitors pharmacological class approved in 1999 for managing obesity [81]. Its mechanism of action involves acting locally in the stomach and intestine, preventing triglyceride absorption by 30% and inhibiting the action of both gastric and pancreatic lipases [82]. Over a 54-week period, orlistat administration was associated with a significant BMI reduction of 0.55 compared to a BMI increase of 0.31 with placebo (p = 0.001) [83]. It has also been recommended as an adjunct therapy with optimized dietary intake and physical activity [84]. However, several adverse effects were documented, limiting the user preference for orlistat. Gastrointestinal side effects, including abdominal discomfort, pain, steatorrhea, and constipation, have been reported in addition to affecting the absorption of fat-soluble vitamins [84,85].




5.1.2. Liraglutide


Liraglutide is an antidiabetic drug that belongs to the glucagon-like peptide 1 (GLP-1) receptor agonist class. It has emerged as a novel therapeutic drug that aids in weight loss by lowering energy intake and appetite and increasing fullness sensation. It also decreases glucagon secretion, delaying gastric emptying and elevation of post-prandial insulin levels. Its action is mediated through the stimulation of POMC neurons and inhibition of neuropeptide-Y (NPY) and Agouti-related peptide (AgRP) neurons in the arcuate nucleus [86]. Evidence supports the significant efficacy of liraglutide in reducing body mass index (BMI) in adolescents aged 12 to less than 18 years old [87]. This significant effect was pronounced after 52 weeks of treatment by achieving at least 5% reduction in BMI in 43.3% of participants in the liraglutide group in addition to 10% BMI reduction in 26.1% of liraglutide subjects compared with 18.7% and 8.1%, respectively, in control participants. However, this notable effect was not proven after 26 weeks of intervention.



In addition, it was reported that the most frequent associated adverse effects were the mild-to-moderate effects of gastrointestinal origin, mainly nausea, vomiting and diarrhea [87]. Although pancreatitis is a commonly reported adverse effect caused by liraglutide, this adverse effect was not recognized in adolescents, as studies conducted on this population did not predict the association of pancreatitis incidence and liraglutide administration except in only one participant who suffered from a single moderate episode and recovered rapidly without treatment [87]. Earlier in 2014, it was approved for adult use in obesity. In April 2020, Liraglutide 3 mg was also approved as an add-on therapy for managing obesity in adolescents aged 12–17 [88].




5.1.3. Phentermine and Topiramate Combination


The combination of Phentermine and Topiramate was approved in July 2022 in the USA and is considered the newest approved add-on medication for the chronic management of childhood obesity based on the evidence from clinical trials [89]. This combination exerts a synergistic effect by acting on appetite suppression and increasing satiety, the exact anorectic effect is not fully understood. A clinical trial that examined the use of this combination in adolescents at two different dose intensities (mid- and top-doses) found that it was safe and tolerable and resulted in significant weight loss of 5% in 13.3% and 50%, respectively, of those who received the mid- and top-doses, as determined on day 56 of the treatment [90]. Table 1 shows a comparison of FDA-approved medications for pediatric obesity.




5.1.4. Setmelanotide (FDA-Approved for Syndromic Obesity)


Setmelanotide is a melanocortin 4 receptor (MC4R) agonist that was approved by the FDA in November 2020 as a medication for obesity management in adults and pediatrics of 6 years and older suffering from genetic conditions proopiomelanocortin (POMC), proprotein convertase subtilisin/kexin type 1 (PCSK1), or leptin receptor (LEPR) deficiency. Later in June 2022, it received FDA approval to treat impaired hunger signaling caused by Bardet-Biedl Syndrome (BBS) [91]. Although BBS is a rare genetic disorder in which obesity is a characteristic feature, it is also characterized by retinal dystrophy, renal dysfunction, hypogonadism and learning difficulties [91]. This syndrome is caused by a genetic variation that disrupts the melanocortin pathway, which regulates body weight [92]. Setmelanotide acts through a unique mechanism by activating MC4R and overcoming genetic defects in the melanocortin pathway [92]. Several clinical trials showed that setmelanotide was associated with a statistically significant decline in body weight by 5.5% and hunger scores in individuals with BBS [93]. The most reported adverse effects are hyperpigmentation, nausea, and vomiting [94].





5.2. Off-Label Medications


5.2.1. Metformin


Metformin is currently FDA-approved in pediatrics of 10 years of age for managing Type 2 Diabetes Mellitus (T2DM) [95]. In a systematic review conducted by Brufani et al. to investigate the impact of metformin on weight loss in obese non-diabetic adolescents, nine out of eleven included studies proved that metformin causes a slight but statistically significant reduction in BMI from 1.1 up to 2.7 compared with placebo or lifestyle intervention alone following 6 to 12 months of treatment, suggesting that metformin possesses a modest effect as an anti-obesity medication [96]. Metformin exerts this weight-reducing effect by inhibiting liver glucose production, suppressing appetite, improving insulin sensitivity and regulating fat oxidation and storage [97]. The recommended dose of metformin for weight loss is 200–500 mg, initially not to exceed 2 g/day. The most commonly reported adverse effects are gastrointestinal, such as abdominal pain, reduced appetite, diarrhea, nausea, altered taste and vomiting [94].




5.2.2. Lisdexamfetamine


Lisdexamfetamine is FDA approved for the management of attention-deficit hyperactivity disorder (ADHD) in the pediatric population of age six years [98]. A retrospective review stated that lisdexamfetamine administration in adolescents between 12 and 19 years being affected by binge eating disorder (BED) resulted in a slight and insignificant reduction in the BMI percentile but prevented further weight gain [99]. Out of 25 participants, fifteen had some level of improvement of their BED symptoms described as complete remission (four cases), reduction in BED frequency (six cases), likely to binge if LDX is skipped (two cases), less frequent sneaking of food (one case), and occasional BED in response to increased stress (two cases).




5.2.3. Zonisamide


Zonisamide is an antiepileptic medication approved by the FDA as an adjunct therapy in partial seizures for adolescents of 16 years and adults [100]. The addition of zonisamide to treating a 15-year-old obese male admitted to the hospital for depression and anxiety symptoms resulted in appetite suppression by acting on the hypothalamus, weight loss and normalization of his triglyceride levels [101]. In addition, results from clinical trials investigating the effect of zonisamide as add-on therapy in children suffering from partial seizures on weight reduction showed that about 35.8% of the treated patients experienced significant weight reduction (≥5% reduction of body weight) [102].




5.2.4. Naltrexone S.R. with Bupropion S.R.


Naltrexone is an opioid receptor antagonist that is FDA approved for managing opioid and alcohol dependence [103]. Bupropion is a dopamine/norepinephrine reuptake inhibitor approved to be used in depression and aids in smoking cessation [104]. In a 24-week study, it was stated that the administration of naltrexone S.R. and bupropion S.R. combination has a significant weight reduction in adults with overweight and obesity by −9.4 ± 6.4 kg [20.7 ± 14.1 lb] [105]. The exact mechanism of action has not been fully described, but this combination acts central leading to appetite suppression [106]. However, its efficacy and safety have not yet been evaluated in children necessitating further research in this population.




5.2.5. Fluoxetine


Fluoxetine is an approved antidepressant medication for children eight years of age and older [107]. There is good evidence that obesity is associated with depression and less consistent evidence that depression is linked to obesity [108]. Among adults with overweight or obesity suffering from depression, fluoxetine showed a modest effect on weight loss as an anti-obesity medication by achieving weight loss of 2.7 kg and a decline in body mass index by 1.1 kg/m2 compared with placebo, owing to the alleviation of hunger inhibition signals and thus reduced food intake [109]. However, further research is necessary to investigate the impact of this medication on weight loss in pediatrics.




5.2.6. Metabolic and Bariatric Surgery


Metabolic and bariatric surgery is considered an effective and safe treatment approach in cases of extreme obesity and comorbidities when it is followed by long-term follow-up and support for the patient and family [110]. Different procedures have different body weight loss outcomes and surgery has the greatest weight loss outcome compared to pharmacotherapy through achieving a 37% change in BMI regardless of the baseline BMI value, which has a substantial effect on the metabolic complications of obesity [111]. Moreover, bariatric procedures showed significant improvement in body mass index with short-term favorable effects on mental, physical, and social outcomes among adolescents with obesity [112]. Impressively, notable remission of hypertension and improvement in typical dyslipidemia have been described following bariatric surgeries [111]. In a meta-analysis that looked at the overall impact of bariatric surgery procedures among adolescents with severe obesity, the findings showed that all procedures were associated with significant weight reductions and decreases in overall comorbidities with an acceptable complication rate [113].






6. Conclusions


The rise of childhood obesity is becoming an endemic health burden all around the world. An increase in the prevalence of childhood obesity, leading to a surge in complications among pediatric age groups, contributes to an escalation in the hospital admissions due to comorbidities such as CVD, asthma, and OSA. Modifiable risk factors can be a starting point for preventive measures in shared responsibility between the government (public sector), the Food Industry (private sector), community organizations, schools, health care systems, and parents. Furthermore, pharmacological management of childhood obesity is limited and only used after non-pharmacological interventions have failed or in the late stages of obesity. The American Academy of Pediatrics is currently calling for earlier intervention and a more aggressive approach for treating pediatric obesity, which includes greater use of anti-obesity pharmacotherapy and metabolic and bariatric surgery [80]. Additional FDA-approved medications, such as semaglutide and tirzepitide, are on the horizon [114], and greater acceptance of the use of metabolic and bariatric surgery for children and adolescents provides upcoming opportunities to combat this chronic, complex, multifactorial, and relapsing disease.







Author Contributions


Conceptualization, A.A.S., M.H.S. and M.A.S.M.; methodology, M.A.S.M., M.H.E. and M.M.; resources, I.S.D. and M.H.E.; writing—original draft preparation, A.A.S., M.H.S. and M.M.A.; writing—review and editing, M.H.E., M.E.E. and M.M.A.; supervision, M.A.S.M.; funding acquisition, I.S.D. and M.H.E. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Acknowledgments


The authors would like to thank the Deanship of Scientific Research at Umm Al-Qura University for their support of this work. Grant Code: 22UQU4320605DSR07.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Syed, N.K.; Syed, M.H.; Meraya, A.M.; Albarraq, A.A.; Al-Kasim, M.A.; Alqahtani, S.; Makeen, H.A.; Yasmeen, A.; Banji, O.J.F.; Elnaem, M.H. The association of dietary behaviors and practices with overweight and obesity parameters among Saudi university students. PLoS ONE 2020, 15, e0238458. [Google Scholar] [CrossRef] [PubMed]

	



Chaput, J.-P. Sleep patterns, diet quality and energy balance. Physiol. Behav. 2014, 134, 86–91. [Google Scholar] [CrossRef]

	



Albuquerque, D.; Nóbrega, C.; Manco, L.; Padez, C. The contribution of genetics and environment to obesity. Br. Med. Bull. 2017, 123, 159–173. [Google Scholar] [CrossRef] [PubMed]

	



Swinburn, B.A.; Kraak, V.I.; Allender, S.; Atkins, V.J.; Baker, P.I.; Bogard, J.R.; Brinsden, H.; Calvillo, A.; De Schutter, O.; Devarajan, R.; et al. The Global Syndemic of Obesity, Undernutrition, and Climate Change: The Lancet Commission report. Lancet 2019, 393, 791–846. [Google Scholar] [CrossRef] [PubMed]

	



Bentham, J.; Di Cesare, M.; Bilano, V.; Bixby, H.; Zhou, B.; Stevens, G.A.; Riley, L.M.; Taddei, C.; Hajifathalian, K.; Lu, Y.; et al. Worldwide Trends in Body-Mass Index, Underweight, Overweight, and Obesity from 1975 to 2016: A Pooled Analysis of 2416 Population-Based Measurement Studies in 128.9 Million Children, Adolescents, and Adults. Lancet 2017, 390, 2627–2642. [Google Scholar] [CrossRef]

	



Di Cesare, M.; Sorić, M.; Bovet, P.; Miranda, J.J.; Bhutta, Z.; Stevens, G.A.; Laxmaiah, A.; Kengne, A.P.; Bentham, J. The epidemiological burden of obesity in childhood: A worldwide epidemic requiring urgent action. BMC Med. 2019, 17, 212. [Google Scholar] [CrossRef] [PubMed]

	



Lobstein, T.; Jackson-Leach, R.; Moodie, M.L.; Hall, K.D.; Gortmaker, S.L.; Swinburn, B.A.; James, W.P.T.; Wang, Y.; McPherson, K. Child and adolescent obesity: Part of a bigger picture. Lancet 2015, 385, 2510–2520. [Google Scholar] [CrossRef]

	



Ng, M.; Fleming, T.; Robinson, M.; Thomson, B.; Graetz, N.; Margono, C.; Mullany, E.C.; Biryukov, S.; Abbafati, C.; Abera, S.F.; et al. Global, regional, and national prevalence of overweight and obesity in children and adults during 1980–2013: A systematic analysis for the Global Burden of Disease Study 2013. Lancet 2014, 384, 766–781. [Google Scholar] [CrossRef]

	



Steinbeck, K. Childhood Obesity: Consequences and Complications. Clin. Obes. Adults Child. 2010, 392–407. [Google Scholar] [CrossRef]

	



Lakshman, R.; Elks, C.E.; Ong, K.K. Childhood Obesity. Circulation 2012, 126, 1770–1779. [Google Scholar] [CrossRef]

	



Alam Mahumud, R.; Sahle, B.W.; Owusu-Addo, E.; Chen, W.; Morton, R.L.; Renzaho, A.M.N. Association of dietary intake, physical activity, and sedentary behaviours with overweight and obesity among 282,213 adolescents in 89 low and middle income to high-income countries. Int. J. Obes. 2021, 45, 2404–2418. [Google Scholar] [CrossRef] [PubMed]

	



Ahmad, A.; Zulaily, N.; Shahril, M.R.; Wafa, S.W.; Amin, R.M.; Piernas, C.; Ahmed, A. Obesity determinants among Malaysian 12-year old school adolescents: Findings from the HAT study. BMC Pediatr. 2021, 21, 418. [Google Scholar] [CrossRef] [PubMed]

	



Janssen, I.; Katzmarzyk, P.; Boyce, W.F.; King, M.A.; Pickett, W. Overweight and obesity in Canadian adolescents and their associations with dietary habits and physical activity patterns. J. Adolesc. Health 2004, 35, 360–367. [Google Scholar] [CrossRef] [PubMed]

	



Azadbakht, L.; Haghighatdoost, F.; Feizi, A.; Esmaillzadeh, A. Breakfast eating pattern and its association with dietary quality indices and anthropometric measurements in young women in Isfahan. Nutrition 2013, 29, 420–425. [Google Scholar] [CrossRef]

	



Verduci, E.; Di Profio, E.; Fiore, G.; Zuccotti, G. Integrated Approaches to Combatting Childhood Obesity. Ann. Nutr. Metab. 2022, 78, 8–19. [Google Scholar] [CrossRef]

	



Edwin Thanarajah, S.; Tittgemeyer, M. Food reward and gut-brain signalling. Neuroforum 2020, 26, 1–9. [Google Scholar] [CrossRef]

	



Ledikwe, J.H.; Ello-Martin, J.A.; Rolls, B.J. Portion Sizes and the Obesity Epidemic. J. Nutr. 2005, 135, 905–909. [Google Scholar] [CrossRef]

	



Kang, H.-T.; Ju, Y.-S.; Park, K.-H.; Kwon, Y.-J.; Im, H.-J.; Paek, D.-M.; Lee, H.-J. Study on the relationship between childhood obesity and various determinants, including socioeconomic factors, in an urban area. J. Prev. Med. Public Health 2006, 39, 371–378. [Google Scholar]

	



Gardner, R.; Feely, A.; Layte, R.; Williams, J.; McGavock, J. Adverse childhood experiences are associated with an increased risk of obesity in early adolescence: A population-based prospective cohort study. Pediatr. Res. 2019, 86, 522–528. [Google Scholar] [CrossRef]

	



Parekh, N.; Deierlein, A.L. Health behaviours during the coronavirus disease 2019 pandemic: Implications for obesity. Public Health Nutr. 2020, 23, 3121–3125. [Google Scholar] [CrossRef]

	



Hill, A.P.; Zuckerman, K.E.; Fombonne, E. Obesity and Autism. Pediatrics 2015, 136, 1051–1061. [Google Scholar] [CrossRef] [PubMed]

	



Puhl, R.M.; Neumark-Sztainer, D.; Austin, S.B.; Luedicke, J.; King, K.M. Setting policy priorities to address eating disorders and weight stigma: Views from the field of eating disorders and the US general public. BMC Public Health 2014, 14, 524. [Google Scholar] [CrossRef] [PubMed]

	



Puhl, R.M.; Liu, S. A national survey of public views about the classification of obesity as a disease. Obesity 2015, 23, 1288–1295. [Google Scholar] [CrossRef] [PubMed]

	



Baidal, J.A.W.; Locks, L.M.; Cheng, E.R.; Blake-Lamb, T.L.; Perkins, M.E.; Taveras, E.M. Risk Factors for Childhood Obesity in the First 1000 Days: A Systematic Review. Am. J. Prev. Med. 2016, 50, 761–779. [Google Scholar] [CrossRef]

	



Druet, C.; Ong, K.K. Early childhood predictors of adult body composition. Best Pr. Res. Clin. Endocrinol. Metab. 2008, 22, 489–502. [Google Scholar] [CrossRef]

	



Dantas, R.R.; da Silva, G.A.P. The role of the obesogenic environment and parental lifestyles in infant feeding behavior. Rev. Paul. Pediatr. 2019, 37, 363. [Google Scholar] [CrossRef]

	



Ritchie, S.; Connell, J. The link between abdominal obesity, metabolic syndrome and cardiovascular disease. Nutr. Metab. Cardiovasc. Dis. 2007, 17, 319–326. [Google Scholar] [CrossRef]

	



Yang, Z.; Li, Y.; Dong, B.; Gao, D.; Wen, B.; Ma, J. Relationship between parental overweight and obesity and childhood metabolic syndrome in their offspring: Result from a cross-sectional analysis of parent–offspring trios in China. BMJ Open 2020, 10, e036332. [Google Scholar] [CrossRef]

	



Zhou, J.; Zeng, L.; Wang, D.; Li, C.; Liu, Y.; Yan, H.; Xiao, Y. Effects of birth weight on body composition and overweight/obesity at early school age. Clin. Nutr. 2019, 39, 1778–1784. [Google Scholar] [CrossRef]

	



Adair, L.S. Child and adolescent obesity: Epidemiology and developmental perspectives. Physiol. Behav. 2008, 94, 8–16. [Google Scholar] [CrossRef]

	



Mittal, M.; Jain, V. Management of Obesity and Its Complications in Children and Adolescents. Indian J. Pediatr. 2021, 88, 1222–1234. [Google Scholar] [CrossRef] [PubMed]

	



Mathialagan, A.; Nallasamy, N.; Razali, S.N. Physical activity and media environment as antecedents of childhood obesity in malaysia. Asian J. Pharm. Clin. Res. 2018, 11, 287–292. [Google Scholar] [CrossRef]

	



Han, S.-H.; Yee, J.-Y.; Pyo, J.-S. Impact of Short Sleep Duration on the Incidence of Obesity and Overweight among Children and Adolescents. Medicina 2022, 58, 1037. [Google Scholar] [CrossRef] [PubMed]

	



Noorwali, E.; Potter, G.; Ford, H.; Mulla, U.; Murphy, D.; Wark, P.; Frost, G.; Hardie, L.; Cade, J. Sleep timing and vegetable intakes in UK adults: A cross-sectional study. Proc. Nutr. Soc. 2018, 77, E132. [Google Scholar] [CrossRef]

	



Sidik, S.M.; Ahmad, R. Childhood obesity: Contributing factors, consequences and intervention. Malays. J. Nutr. 2004, 10, 13–22. [Google Scholar] [PubMed]

	



Kelsey, M.M.; Zaepfel, A.; Bjornstad, P.; Nadeau, K.J. Age-Related Consequences of Childhood Obesity. Gerontology 2014, 60, 222–228. [Google Scholar] [CrossRef]

	



Sorof, J.; Daniels, S. Obesity Hypertension in Children: A problem of epidemic proportions. Hypertension 2002, 40, 441–447. [Google Scholar] [CrossRef]

	



Tauman, R.; Gozal, D. Obesity and obstructive sleep apnea in children. Paediatr. Respir. Rev. 2006, 7, 247–259. [Google Scholar] [CrossRef]

	



Sideleva, O.; Black, K.; Dixon, A.E. Effects of obesity and weight loss on airway physiology and inflammation in asthma. Pulm. Pharmacol. Ther. 2013, 26, 455–458. [Google Scholar] [CrossRef]

	



Gilliland, F.D.; Berhane, K.; Islam, T.; McConnell, R.; Gauderman, W.J.; Gilliland, S.S.; Avol, E.; Peters, J.M.; Gilliland, F.D.; Berhane, K.; et al. Obesity and the Risk of Newly Diagnosed Asthma in School-age Children. Am. J. Epidemiol. 2003, 158, 406–415. [Google Scholar] [CrossRef]

	



Babakr, A.T.; Elsheikh, O.; Almarzoqi, A.; Assiri, A.; Abdalla, B.E.; Zaki, H.; Fatani, S.; Eldin, E.E.N. Relationship between oxidized low-density lipoprotein antibodies and obesity in different glycemic situations. Diabetes Metab. Syndr. Obes. 2014, 7, 513–520. [Google Scholar] [CrossRef]

	



Bradley, S.H.; Lawrence, N.; Steele, C.; Mohamed, Z. Precocious puberty. BMJ 2020, 368, l6597. [Google Scholar] [CrossRef] [PubMed]

	



Liu, G.; Guo, J.; Zhang, X.; Lu, Y.; Miao, J.; Xue, H. Obesity is a risk factor for central precocious puberty: A case-control study. BMC Pediatr. 2021, 21, 509. [Google Scholar] [CrossRef]

	



Uçar, A.; Saka, N.; Baş, F.; Hatipoğlu, N.; Bundak, R.; Darendeliler, F. Reduced atherogenic indices in prepubertal girls with precocious adrenarche born appropriate for gestational age in relation to the conundrum of DHEAS. Endocr. Connect. 2013, 2, 1–10. [Google Scholar] [CrossRef] [PubMed]

	



Anderson, A.D.; Solorzano, C.M.B.; McCartney, C.R. Childhood Obesity and Its Impact on the Development of Adolescent PCOS. Semin. Reprod. Med. 2014, 32, 202–213. [Google Scholar] [CrossRef] [PubMed]

	



Kinlen, D.; Cody, D.; O’Shea, D. Complications of obesity. Qjm Int. J. Med. 2017, 111, 437–443. [Google Scholar] [CrossRef] [PubMed]

	



Lindberg, L.; Hagman, E.; Danielsson, P.; Marcus, C.; Persson, M. Anxiety and depression in children and adolescents with obesity: A nationwide study in Sweden. BMC Med. 2020, 18, 30. [Google Scholar] [CrossRef]

	



Brooks, S.J.; Feldman, I.; Schiöth, H.B.; Titova, O.E. Important gender differences in psychosomatic and school-related complaints in relation to adolescent weight status. Sci. Rep. 2021, 11, 14147. [Google Scholar] [CrossRef]

	



Lerret, S.M.; Garcia-Rodriguez, L.; Skelton, J.; Biank, V.; Kilway, D.; Telega, G. Predictors of Nonalcoholic Steatohepatitis in Obese Children. Gastroenterol. Nurs. 2011, 34, 434–437. [Google Scholar] [CrossRef]

	



Peng, L.; Wu, S.; Zhou, N.; Zhu, S.; Liu, Q.; Li, X. Clinical characteristics and risk factors of nonalcoholic fatty liver disease in children with obesity. BMC Pediatr. 2021, 21, 122. [Google Scholar] [CrossRef]

	



Koebnick, C.; Getahun, D.; Smith, N.; Porter, A.; Der-Sarkissian, J.K.; Jacobsen, S. Extreme childhood obesity is associated with increased risk for gastroesophageal reflux disease in a large population-based study. Int. J. Pediatr. Obes. 2011, 6, e257–e263. [Google Scholar] [CrossRef] [PubMed]

	



Fradin, K.; Racine, A.D.; Belamarich, P.F. Obesity and Symptomatic Cholelithiasis in Childhood: Epidemiologic and case-control evidence for a strong relation. J. Pediatr. Gastroenterol. Nutr. 2014, 58, 102–106. [Google Scholar] [CrossRef] [PubMed]

	



Nasif, W.A.; Mukhtar, M.H.; Ali, A.S.E.-M.; Eldein, M.M.N.; Almaimani, R.A.; Ashgar, S.S. Body mass index is associated with Helicobacter pylori infection and increased oxidative DNA damage in an obese population. J. Int. Med. Res. 2022, 50, 3000605221076975. [Google Scholar] [CrossRef] [PubMed]

	



Dobner, J.; Kaser, S. Body mass index and the risk of infection—From underweight to obesity. Clin. Microbiol. Infect. 2017, 24, 24–28. [Google Scholar] [CrossRef] [PubMed]

	



Andersen, C.J.; Murphy, K.E.; Fernandez, M.L. Impact of Obesity and Metabolic Syndrome on Immunity. Adv. Nutr. Int. Rev. J. 2016, 7, 66–75. [Google Scholar] [CrossRef] [PubMed]

	



Ortiz-Pinto, M.A.; Ortiz-Marrón, H.; Esteban-Vasallo, M.D.; Quadrado-Mercadal, A.; Casanova-Pardomo, D.; González-Alcón, M.; Ordobás-Gavin, M.; Galán, I. Demand for health services and drug prescriptions among overweight or obese preschool children. Arch. Dis. Child. 2019, 105, 292–297. [Google Scholar] [CrossRef]

	



Nielsen, J.D.J.; Laverty, A.A.; Millett, C.; Iii, A.G.M.; Majeed, A.; Saxena, S. Rising Obesity-Related Hospital Admissions among Children and Young People in England: National Time Trends Study. PLoS ONE 2013, 8, e65764. [Google Scholar] [CrossRef]

	



Shanley, L.A.; Lin, H.; Flores, G. Factors associated with length of stay for pediatric asthma hospitalizations. J. Asthma 2014, 52, 471–477. [Google Scholar] [CrossRef]

	



Carroll, C.L.; Stoltz, P.; Raykov, N.; Smith, S.R.; Zucker, A.R. Childhood Overweight Increases Hospital Admission Rates for Asthma. Pediatrics 2007, 120, 734–740. [Google Scholar] [CrossRef]

	



Hamilton, D.; Dee, A.; Perry, I.J. The lifetime costs of overweight and obesity in childhood and adolescence: A systematic review. Obes. Rev. 2018, 19, 452–463. [Google Scholar] [CrossRef]

	



Biener, A.; Cawley, J.; Meyerhoefer, C. The Impact of Obesity on Medical Care Costs and Labor Market Outcomes in the US. Clin. Chem. 2018, 64, 108–117. [Google Scholar] [CrossRef] [PubMed]

	



d’Errico, M.; Pavlova, M.; Spandonaro, F. The economic burden of obesity in Italy: A cost-of-illness study. Eur. J. Health Econ. 2022, 23, 177–192. [Google Scholar] [CrossRef] [PubMed]

	



Azzeh, F.S.; Bukhari, H.M.; Header, E.A.; Ghabashi, M.A.; Al-Mashi, S.S.; Noorwali, N.M. Trends in overweight or obesity and other anthropometric indices in adults aged 18–60 years in western Saudi Arabia. Ann. Saudi Med. 2017, 37, 106–113. [Google Scholar] [CrossRef]

	



MyPlate Food Guide (for Parents)—Nemours KidsHealth. Available online: https://kidshealth.org/en/parents/myplate.html (accessed on 3 December 2022).

	



Nader, P.R.; Bradley, R.H.; Houts, R.; McRitchie, S.L.; O’Brien, M. Moderate-to-Vigorous Physical Activity From Ages 9 to 15 Years. JAMA 2008, 300, 295–305. [Google Scholar] [CrossRef] [PubMed]

	



Laurson, K.R.; Lee, J.A.; Gentile, D.A.; Walsh, D.A.; Eisenmann, J.C. Concurrent Associations between Physical Activity, Screen Time, and Sleep Duration with Childhood Obesity. ISRN Obes. 2014, 2014, 204540. [Google Scholar] [CrossRef] [PubMed]

	



Falbe, J.; Rosner, B.; Willett, W.C.; Sonneville, K.R.; Hu, F.B.; Field, A.E. Adiposity and Different Types of Screen Time. Pediatrics 2013, 132, e1497–e1505. [Google Scholar] [CrossRef]

	



Alwafi, H.; Alwafi, R.; Naser, A.Y.; Samannodi, M.; Aboraya, D.; Salawati, E.; Alqurashi, A.; Ekram, R.; Alzahrani, A.R.; Aldhahir, A.M.; et al. The Impact of Social Media Influencers on Food Consumption in Saudi Arabia, a Cross-Sectional Web-Based Survey. J. Multidiscip. Health 2022, 15, 2129–2139. [Google Scholar] [CrossRef]

	



Golley, R.K.; Maher, C.; Matricciani, L.; Olds, T. Sleep duration or bedtime? Exploring the association between sleep timing behaviour, diet and BMI in children and adolescents. Int. J. Obes. 2013, 37, 546–551. [Google Scholar] [CrossRef]

	



Noorwali, E.; Hardie, L.; Cade, J. Bridging the Reciprocal Gap between Sleep and Fruit and Vegetable Consumption: A Review of the Evidence, Potential Mechanisms, Implications, and Directions for Future Work. Nutrients 2019, 11, 1382. [Google Scholar] [CrossRef]

	



Rodríguez, J.M.; Murphy, K.; Stanton, C.; Ross, R.P.; Kober, O.I.; Juge, N.; Avershina, E.; Rudi, K.; Narbad, A.; Jenmalm, M.C.; et al. The composition of the gut microbiota throughout life, with an emphasis on early life. Microbes Ecol. Health Dis. 2015, 26, 26050. [Google Scholar] [CrossRef]

	



Munyaka, P.M.; Khafipour, E.; Ghia, J.-E. External Influence of Early Childhood Establishment of Gut Microbiota and Subsequent Health Implications. Front. Pediatr. 2014, 2, 109. [Google Scholar] [CrossRef] [PubMed]

	



Quecke, B.; Graf, Y.; Epure, A.; Santschi, V.; Chiolero, A.; Carmeli, C.; Cullati, S. Caesarean section and obesity in young adult offspring: Update of a systematic review with meta-analysis. Obes. Rev. 2021, 23, e13368. [Google Scholar] [CrossRef] [PubMed]

	



Martin, F.-P.J.; Moco, S.; Montoliu, I.; Collino, S.; Da Silva, L.; Rezzi, S.; Prieto, R.; Kussmann, M.; Inostroza, J.; Steenhout, P. Impact of breast-feeding and high- and low-protein formula on the metabolism and growth of infants from overweight and obese mothers. Pediatr. Res. 2013, 75, 535–543. [Google Scholar] [CrossRef]

	



Yan, J.; Liu, L.; Zhu, Y.; Huang, G.; Wang, P.P. The association between breastfeeding and childhood obesity: A meta-analysis. BMC Public Health 2014, 14, 1267. [Google Scholar] [CrossRef]

	



Mischke, M.; Plösch, T. More than just a gut instinct-the potential interplay between a baby’s nutrition, its gut microbiome, and the epigenome. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2013, 304, 1065–1069. [Google Scholar] [CrossRef] [PubMed]

	



Ray, D.; Sniehotta, F.; McColl, E.; Ells, L. Barriers and facilitators to implementing practices for prevention of childhood obesity in primary care: A mixed methods systematic review. Obes. Rev. 2022, 23, e13417. [Google Scholar] [CrossRef] [PubMed]

	



Mattiazzi, E.; Bolgeo, T.; Prosperi, A.; Dagna, C.; Polverelli, M.; Di Matteo, R.; Maconi, A. The role of the physiotherapist in pediatric obesity prevention: Comparing experiences. Work. Pap. Public Health 2022, 10. [Google Scholar] [CrossRef]

	



Bagnes, M.F.G.; González, C.; Hirschler, V.; Di Girolamo, G. Pharmacotherapeutic options in pediatric obesity: An urgent call for further research. Expert Opin. Pharmacother. 2022, 23, 869–872. [Google Scholar] [CrossRef]

	



New AAP Guidelines for Pediatric Obesity a “Sea Change”. Available online: https://www.medscape.com/viewarticle/983837 (accessed on 3 December 2022).

	



Xia, Y.; Kelton, C.M.; Guo, J.J.; Bian, B.; Heaton, P.C. Treatment of obesity: Pharmacotherapy trends in the United States from 1999 to 2010. Obesity 2015, 23, 1721–1728. [Google Scholar] [CrossRef]

	



Boland, C.L.; Harris, J.B.; Harris, K.B. Pharmacological Management of Obesity in Pediatric Patients. Ann. Pharmacother. 2014, 49, 220–232. [Google Scholar] [CrossRef]

	



Chanoine, J.; Hampl, S.; Jensen, C.; Boldrin, M.; Hauptman, J. Effect of Orlistat on Weight and Body Composition in Obese Adolescents. A Randomized Controlled Trial. JAMA 2005, 293, 2873–2891. [Google Scholar] [CrossRef] [PubMed]

	



McGovern, L.; Johnson, J.N.; Paulo, R.; Hettinger, A.; Singhal, V.; Kamath, C.; Erwin, P.J.; Montori, V. Treatment of Pediatric Obesity: A Systematic Review and Meta-Analysis of Randomized Trials. J. Clin. Endocrinol. Metab. 2008, 93, 4600–4605. [Google Scholar] [CrossRef] [PubMed]

	



McDuffie, J.R.; Calis, K.A.; Booth, S.L.; Uwaifo, G.I.; Yanovski, J.A. Effects of Orlistat on Fat-Soluble Vitamins in Obese Adolescents. Pharmacother. J. Hum. Pharmacol. Drug Ther. 2002, 22, 814–822. [Google Scholar] [CrossRef] [PubMed]

	



Alruwaili, H.; Dehestani, B.; le Roux, C.W. Clinical Impact of Liraglutide as a Treatment of Obesity. Clin. Pharmacol. 2021, 13, 53–60. [Google Scholar] [CrossRef]

	



Kelly, A.S.; Auerbach, P.; Barrientos-Perez, M.; Gies, I.; Hale, P.M.; Marcus, C.; Mastrandrea, L.D.; Prabhu, N.; Arslanian, S. A Randomized, Controlled Trial of Liraglutide for Adolescents with Obesity. N. Engl. J. Med. 2020, 382, 2117–2128. [Google Scholar] [CrossRef]

	



Bensignor, M.O.; Bomberg, E.M.; Bramante, C.T.; Divyalasya, T.V.S.; Hale, P.M.; Ramesh, C.K.; Rudser, K.D.; Kelly, A.S. Effect of liraglutide treatment on body mass index and weight parameters in children and adolescents with type 2 diabetes: Post hoc analysis of the ellipse trial. Pediatr. Obes. 2021, 16, e12778. [Google Scholar] [CrossRef]

	



Dhillon, S. Phentermine/Topiramate: Pediatric First Approval. Pediatr. Drugs 2022, 24, 715–720. [Google Scholar] [CrossRef]

	



Hsia, D.S.; Gosselin, N.H.; Williams, J.; Farhat, N.; Marier, J.F.; Shih, W.; Peterson, C.; Siegel, R. A randomized, double-blind, placebo-controlled, pharmacokinetic and pharmacodynamic study of a fixed-dose combination of phentermine/topiramate in adolescents with obesity. Diabetes Obes. Metab. 2019, 22, 480–491. [Google Scholar] [CrossRef]

	



Forsythe, E.; Beales, P.L. Bardet–Biedl syndrome. Eur. J. Hum. Genet. 2012, 21, 8–13. [Google Scholar] [CrossRef]

	



Clément, K.; Akker, E.V.D.; Argente, J.; Bahm, A.; Chung, W.K.; Connors, H.; De Waele, K.; Farooqi, I.S.; Gonneau-Lejeune, J.; Gordon, G.; et al. Efficacy and safety of setmelanotide, an MC4R agonist, in individuals with severe obesity due to LEPR or POMC deficiency: Single-arm, open-label, multicentre, phase 3 trials. Lancet Diabetes Endocrinol. 2020, 8, 960–970. [Google Scholar] [CrossRef]

	



Haws, R.; Brady, S.; Davis, E.; Fletty, K.; Yuan, G.; Gordon, G.; Stewart, M.; Yanovski, J. Effect of setmelanotide, a melanocortin-4 receptor agonist, on obesity inBardet-Biedlsyndrome. Diabetes Obes. Metab. 2020, 22, 2133–2140. [Google Scholar] [CrossRef] [PubMed]

	



Apperley, L.J.; Blackburn, J.; Erlandson-Parry, K.; Gait, L.; Laing, P.; Senniappan, S. Childhood obesity: A review of current and future management options. Clin. Endocrinol. 2021, 96, 288–301. [Google Scholar] [CrossRef] [PubMed]

	



Temneanu, O.; Trandafir, L.; Purcarea, M.R. Type 2 diabetes mellitus in children and adolescents: A relatively new clinical problem within pediatric practice. J. Med. Life 2016, 9, 235–239. [Google Scholar] [PubMed]

	



Brufani, C.; Crinò, A.; Fintini, D.; Patera, P.I.; Cappa, M.; Manco, M. Systematic Review of Metformin Use in Obese Nondiabetic Children and Adolescents. Horm. Res. Paediatr. 2013, 80, 78–85. [Google Scholar] [CrossRef]

	



Ejtahed, H.-S.; Tito, R.Y.; Siadat, S.D.; Hasani-Ranjbar, S.; Hoseini-Tavassol, Z.; Rymenans, L.; Verbeke, K.; Soroush, A.-R.; Raes, J.; Larijani, B. Metformin induces weight loss associated with gut microbiota alteration in non-diabetic obese women: A randomized double-blind clinical trial. Eur. J. Endocrinol. 2019, 180, 165–176. [Google Scholar] [CrossRef] [PubMed]

	



Wigal, S.B.; Raja, P.; Shukla, A. An update on lisdexamfetamine dimesylate for the treatment of attention deficit hyperactivity disorder. Expert Opin. Pharmacother. 2012, 14, 137–145. [Google Scholar] [CrossRef] [PubMed]

	



Guerdjikova, A.I.; Blom, T.J.; Mori, N.; Matthews, A.; Cummings, T.; Casuto, L.L.; McElroy, S.L. Lisdexamfetamine in Pediatric Binge Eating Disorder: A Retrospective Chart Review. Clin. Neuropharmacol. 2019, 42, 214–216. [Google Scholar] [CrossRef]

	



French, J.A.; Kanner, A.M.; Bautista, J.; Abou-Khalil, B.; Browne, T.; Harden, C.L.; Theodore, W.H.; Bazil, C.; Stern, J.; Schachter, S.C.; et al. Efficacy and tolerability of the new antiepileptic drugs II: Treatment of refractory epilepsy [RETIRED]. Neurology 2004, 62, 1261–1273. [Google Scholar] [CrossRef]

	



Nguyen, M.L.; Pirzada, M.H.; Shapiro, M.A. Case Report Zonisamide for Weight Loss in Adolescents. 2013. Available online: http://meridian.allenpress.com/jppt/article-pdf/18/4/311/1784142/1551-6776-18_4_311.pdf (accessed on 9 October 2022).

	



Lagae, L.; Meshram, C.; Giorgi, L.; Patten, A. Effects of adjunctive zonisamide treatment on weight and body mass index in children with partial epilepsy. Acta Neurol. Scand. 2015, 131, 341–346. [Google Scholar] [CrossRef]

	



Lobmaier, P.P.; Kunøe, N.; Gossop, M.; Waal, H. Naltrexone Depot Formulations for Opioid and Alcohol Dependence: A Systematic Review. CNS Neurosci. Ther. 2010, 17, 629–636. [Google Scholar] [CrossRef]

	



Stahl, S.M.; Pradko, J.F.; Haight, B.R.; Modell, J.G.; Rockett, C.B. A Review of the Neuropharmacology of Bupropion, a Dual Norepinephrine and Dopamine Reuptake Inhibitor. Prim. Care Companion J. Clin. Psychiatry 2004, 6, 159–166. [Google Scholar] [CrossRef] [PubMed]

	



McElroy, S.L.; Guerdjikova, A.I.; Kim, D.D.; Burns, C.; Harris-Collazo, R.; Landbloom, R.; Dunayevich, E. Naltrexone/Bupropion Combination Therapy in Overweight or Obese Patients With Major Depressive Disorder: Results of a pilot study. Prim. Care Companion CNS Disord. 2013, 15, PCC.12m01494. [Google Scholar] [CrossRef] [PubMed]

	



Billes, S.K.; Sinnayah, P.; Cowley, M.A. Naltrexone/bupropion for obesity: An investigational combination pharmacotherapy for weight loss. Pharmacol. Res. 2014, 84, 1–11. [Google Scholar] [CrossRef] [PubMed]

	



Dörks, M.; Langner, I.; Dittmann, U.; Timmer, A.; Garbe, E. Antidepressant drug use and off-label prescribing in children and adolescents in Germany: Results from a large population-based cohort study. Eur. Child Adolesc. Psychiatry 2013, 22, 511–518. [Google Scholar] [CrossRef]

	



Faith, M.S.; Butryn, M.; Wadden, T.A.; Fabricatore, A.; Nguyen, A.M.; Heymsfield, S.B. Evidence for prospective associations among depression and obesity in population-based studies. Obes. Rev. 2011, 12, e438–e453. [Google Scholar] [CrossRef]

	



Serralde-Zuñiga, A.E.; González-Garay, A.G.; Rodríguez-Carmona, Y.; Meléndez-Mier, G. Use of Fluoxetine to Reduce Weight in Adults with Overweight or Obesity: Abridged Republication of the Cochrane Systematic Review. Obes. Facts 2022, 15, 473–486. [Google Scholar] [CrossRef]

	



Polfuss, M.L.; Duderstadt, K.G.; Kilanowski, J.F.; Thompson, M.E.; Davis, R.L.; Quinn, M. Childhood Obesity: Evidence-Based Guidelines for Clinical Practice—Part One. J. Pediatr. Health Care 2020, 34, 283–290. [Google Scholar] [CrossRef]

	



Halloun, R.; Weiss, R. Bariatric Surgery in Adolescents with Obesity: Long-Term Perspectives and Potential Alternatives. Horm. Res. Paediatr. 2021, 95, 193–203. [Google Scholar] [CrossRef]

	



Goldenshluger, A.; Maor, T.; Via-Kagan, R.; Zelekha, O.; Gepner, Y. Short-Term Changes in Mental, Physical, and Social Factors After Metabolic Bariatric Surgery in Adolescents: A Nationwide Prospective Cohort Study. Front. Nutr. 2022, 9, 878202. [Google Scholar] [CrossRef]

	



Paulus, G.F.; de Vaan, L.E.G.; Verdam, F.J.; Bouvy, N.D.; Ambergen, T.A.W.; van Heurn, L.W.E. Bariatric Surgery in Morbidly Obese Adolescents: A Systematic Review and Meta-analysis. Obes. Surg. 2015, 25, 860–878. [Google Scholar] [CrossRef]

	



Frías, J.P.; Davies, M.J.; Rosenstock, J.; Pérez Manghi, F.C.; Fernández Landó, L.; Bergman, B.K.; Liu, B.; Cui, X.; Brown, K. Tirzepatide versus Semaglutide Once Weekly in Patients with Type 2 Diabetes. N. Engl. J. Med. 2021, 385, 503–515. [Google Scholar] [CrossRef] [PubMed]








[image: Children 09 01975 g001 550] 





Figure 1. Childhood obesity prevention. 
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Table 1. FDA-approved medications for pediatric obesity.
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	Drug Name
	Orlistat
	Phentermine and Topiramate Combination
	Liraglutide





	Pharmacological class
	Lipase inhibitor
	Combination of sympathomimetic and GABAA receptor agonist
	Glucagon-like peptide 1 (GLP-1) receptor agonists



	Dose
	120 mg
	NA
	3 mg



	Frequency
	Three times daily
	Once daily
	Once daily



	Route of administration
	Orally
	Orally
	Subcutaneous (S.C.)



	Most common adverse effects
	steatorrhea, flatulence, constipation, and occasionally deficit of fat-soluble vitamins.
	Paresthesia, dry mouth, constipation, dysgeusia, insomnia.
	Gastrointestinal (nausea, vomiting and diarrhea)



	Efficacy (expressed as reduction in BMI and/or weight)
	BMI reduction by 0.7 kg/m2
	Average weight loss by

6.2 kg.
	5–10% BMI reduction
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