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Abstract

Obesity in the pediatric population is a serious public health challenge of this era. Its prevalence has continued to rise
throughout the globe and various immediate and long-term consequences of obesity have been observed in children
and adolescents. Childhood obesity stays in adulthood and children are prone to develop chronic conditions such as
type 2 diabetes mellitus and cardiovascular diseases at an early age which were known to be the diseases of adults in
the past. Obesity in childhood has a major impact on the physical and psychological health of a child, therefore, primary
prevention is essential in controlling the incidence of obesity in children. This review article will highlight the prevalence,
causes, and consequences of childhood obesity and its prevention.
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Introduction

Definition

World Health Organization (WHO) defines obesity and overweight as excessive accumulation of fat on the body that
may impair the health of the individual. Age needs to be considered when classifying overweight and obesity in a child.

According to WHO June 2021 study report, overweight under 5 years is a weight for height more than 2 standard
deviations, and obesity is a weight for height greater than 3 standard deviations above the WHO child growth standard
median while overweight and obesity between 5 to 19 years are BMI for age more than 1 and 2 standard deviations
above the WHO growth reference median, respectively.

Centre for Disease Control and Prevention (CDC) classified overweight as at or above the 95th percentile for the body
mass index (BMI) for age whereas European scientists defined overweight children at or above the 85th percentile and
obese children at or above 95th percentile of BMI [1-3].

Prevalence

Childhood obesity is growing globally both in developed and developing countries [4, 5]. The prevalence of obesity
almost tripled between 1975 to 2016 in the whole world. Over 60% of overweight children before puberty will be obese
in adulthood [6].
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Globally 42 million children less than five years are overweight of which 35 million children belong to developing nations
according to 2010 global data [5]. Whom 2020 report has shown that 39 million children under the age of five years and
340 million children between the ages of 5 and 19 years in 2016 were obese or overweight.

One out of 3 children are overweight or obese in the World Health Organization (WHO) European region [6]. 2016 data
revealed that the European nation has a high prevalence of overweight (30%) and obesity (>10%) in children [7].
Several other nations have seen a rising trend in childhood obesity. For instance, the proportion of overweight or obese
children in Israel increased from 5.8% in 1975 to 11.9% in 2016 [7]. In Canada, the proportion of obesity in children
remained high with about 25% of children between 4-11 years old and 33% of 12-17 years old classified as overweight
or obese [8,9].

According to the Centers for Disease Control and Prevention's (CDC) January 2023 report, childhood obesity has
continued to grow over the past 15 years, rising from 17% to 20%, and from 1980, the rate has tripled in children
and quadrupled in adolescents. Obesity affects around 15 million children and teens in the United States and CDC data
reveals that the rate of gaining weight doubled during the pandemic years of COVID-19 in comparison to pre-pandemic
years. The prevalence of obesity in children in the US, Europe, and Asia is shown in Figures 1, 2, and 3, respectively
[10-13].
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Figure 1: Prevalence of Children Obesity Among 2-19 Years Old in the United States
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Figure 2: Prevalence of Overweight/Obese Children Under 5 Years of Age in WHO European Region
Countries (2020)
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Figure 3: Proportion of Overweight/Obese Children and Adolescents (5-19 Years in Asia and Australia
(2016)
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Factors Contributing to Childhood Obesity

Multiple factors are involved in childhood obesity. Energy imbalance between calorie consumption and calorie
expenditure is the fundamental cause of weight gain and obesity in children. There has been an increased intake of
fat and sugar-containing foods and a sedentary lifestyle throughout the world. There are multiple causes of obesity in
children and energy imbalance is one of the various factors [14]. Sometimes in children, there is a discrepancy between
energy consumption and expenditure, however, accumulation of excessive fat occurs in children in their early formative
years when the energy utilization is less than the caloric intake. Obesity is the complicated interaction of biological,
developmental, behavioral, genetic, and environmental factors [15].

Studies revealed that AGOUTI-RELATED PROTEIN (AGRP) which is a mammalian signaling molecule, associated with
weight homeostasis, causes adult-onset obesity when overexpressed. It has been identified as a competitive antagonist
of melanocortin receptors 3 and 4 (MC3r, MC4r), while MC4r is involved in the hypothalamic control of feeding behavior
Figure. 4 [16].
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Figure 4: 3D-Stereo View Represenation of NMR Strucure of Minimized AGOUTI-RELATED PROTEIN
(AGRP) (87-132) (AC-AGRP(87-132)) PDB ID 1HYK.

Genetic factors: Maternal body mass index (BMI) before pregnancy is the independent risk factor for childhood
obesity [17]. When both parents are obese there are increased chances of a child becoming obese [10]. Genetics is
one of the big risk factors for childhood obesity. Research reveals that BMI is 25-40% inheritable [18]. Nevertheless,
environmental, and behavioral factors coupled with genetics affect weight.

Genetic causes are divided into monogenic and polygenic types. Monogenic obesity is rare and due to mutations in
genes in the leptin/melanocortin pathway in the hypothalamus which is crucial for the regulation of food consumption/
fullness, body weight, and metabolism of energy [19]. Leptin modulates eating behaviors, puberty onset, and T-cell
immunity. Almost 3% of overweight children have a mutation in leptin and leptin receptors and present with pubertal
delay and immune dysregulation [20]. Monogenic type presents with obesity and abnormal eating behaviors in children
by 2 years of age [21]. Genetic syndromes associated with obesity in children are Prader-Willi Syndrome (PWS),
Bardet-Biedl syndrome, and Alstrom syndrome [22]. Other syndromes are Beckwith-Weideman syndrome and Cohen
syndrome. Over 25 syndromic forms of obesity have been identified, and the most common is PWS [23].

Polygenic obesity, a more common form of obesity is the result of gene-environment interaction (GEI) [24]. Variations in
genes in obese individuals affect their actions such as their food eating pattern, absence of physical activity, decreased
metabolism, and increased predisposition to store body fat [25,26].

New studies reveal epigenetic factors play a role in developing obesity [27]. Maternal nutrition antenatally or in the early
postnatal period stimulates these epigenetic changes and increases the risk of long-term diseases i.e., obesity [28].

Endocrine Factors

Less than 1 percent of cases of obesity in children are caused by endocrine factors [29]. A child with the underlying
endocrine issue presents with mild to moderate obesity, short stature, and hypogonadism. Growth hormone deficiency,
hypothyroidism, pseudohypoparathyroidism, precocious puberty, leptin deficiency or resistance to leptin action, prolactin-
secreting tumors, polycystic ovary syndrome, and Cushing syndrome are some examples of hormonal conditions
associated with obesity.

Lifestyle and Dietary Practices

A child's eating behavior evolves in the early formative years; they observe their elders and surroundings to develop
their eating style [30]. Due to a busy life schedule, parents often present ready-made food to children that is processed
and high in calories as shown in Figure 6. Giving formula feeding instead of breastfeeding to the infant, and early
introduction of proteins in the infant's diet are reported as contributing factors in weight gain that can persist later in life
[31,32]. Moreover, children are encouraged to clean their large meal plates and these practices are seen across various
cultures [33]. In daycare or schools, children are exposed to a variety of food options, and they have more independence
to eat different foods. Furthermore, limited physical activities at daycare and in schools are also contributing factors
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in gaining weight Teenagers have more independence toward calorie-dense foods. Less pricy junk food, their easy
availability, and extensive advertisements for different brands of junk food promote high-caloric food in public which
is the biggest contributor to obesity [34,35]. In the United States of America, the price of McDonald's and Coca-Cola
decreased (5.44% and 34.89% respectively) from 1990 to 2007 whereas a 17% increase occurred in the cost of fruits
and veggies between 1997 to 2003 [36]. In addition to this, playing video games, and sitting in front of the screens for
a longer time limit physical activities and impact the mental health in the pubertal age group [37]. Adolescence is the
period when they are more anxious about their appearance, and weight and they have other mental health concerns
[38]. Hence, a sedentary lifestyle, lack of physical activity, and unhealthy eating behavior i.e., drinking soda/ sweet
beverages, and frequent snacking with increased portion size results in high energy consumption and leads to increased
incidence of obesity [39-41].

Sleep and obesity

Sleep patterns affect the weight of the child [42]. Studies show that 45% of children who get less sleep (<10.5 hours)
at age 3 are more prone to obesity at the age of 7 than those children who sleep more than 12 hours at the same age
[43,44]. Technology disrupts the sleep and eating patterns in children [45]. The use of electronic devices while in bed
decreases the total sleep time, resulting in less physical activity during the daytime which increases weight [46].

Psychological Factors

Obesity in the pediatric age group leads to disordered eating behaviors. High body dissatisfaction and low self-esteem
may be the contributing factors for both eating disorders and obesity [47]. Early diagnosis of eating disorders such as
anorexia nervosa, bulimia nervosa, and binge eating disorders may prevent obesity or help in weight loss in sustained
obesity in adolescents [48]. Eating disorders may accompany obesity or they may emerge after getting treatment for
obesity in children or adolescents [49]. Binge eating is associated with comorbid obesity followed by bulimia nervosa
and around 30% of females with eating disorders had chronic obesity [50]. When emotional dysregulation occurs, it
stimulates binge eating episodes which in turn leads to shame and guilt and creates a vicious cycle of losing control of
eating [51]. Several socioeconomic factors are considered common risk factors to develop eating disorders and obesity
such as frequent criticism, bullying, family/peer, and social pressure [52]. Furthermore, families with binge eating
behaviors, parental separation, high parental demands, traumatic life events, and negative experiences in childhood
such as physical and sexual abuse, all these are identified as risk factors for eating disorders and obesity [53].

Medications and Toxins

Certain medications can cause weight gain and obesity. For example, antidepressants, glucocorticoids, progestins,
propranolol, alpha-blockers (terazosin), and insulin. Bisphenol A and dichlorodiphenyltrichloroethane are endocrine-
disrupting toxins, and these chemicals can lead to obesity by disrupting the estrogen receptors and metabolic
programming [54].

Consequences of Obesity
Obesity profoundly affects children’s physical health and social, and emotional well-being. The majority of them develop
low self-esteem, poor academic performance, and lower quality of life.

Chronic Diseases

There are various chronic ailments that a child might develop because of obesity. Increased BMI before the age of
5 years is a risk factor for developing obesity in adulthood, obesity-related co-morbidities, and metabolic syndrome
[55,56] as demonstrated in Figure 5.
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Figure 5: Consequences of Obesity in Children
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Chronic health conditions related to childhood obesity are cardiovascular conditions such as hypertension, dyslipidemia,
coronary artery disease, metabolic issues, for instance, pre-diabetes, type 2 diabetes, hormonal problems i.e., polycystic
ovarian syndrome (PCOs), other morbidities are fatty liver disease, early puberty, orthopedic issues i.e., slipped capital
femoral epiphysis (SCFE), asthma, sleep apnea, impaired balance and idiopathic intracranial hypertension [57,58].
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Diabetes

Childhood obesity quadruples the risk of developing glucose intolerance and diabetes type 2. Almost 85% of children
at the time of diagnosis of non-insulin-dependent diabetes (NIDDM) are either overweight or obese Type 2 diabetes in
children presents with aggressive disease and with high treatment failure rates [59]. Children with diabetes may develop
co-morbidities and complications early such as fatty liver, nephropathy, dyslipidemia, and polycystic ovarian syndrome,
particularly in females [60,61]. In clinical settings, obese children are usually screened for Type 2 diabetes [62].

Hypertension

Obesity is @ major risk factor for hypertension in the pediatric population. Around 25% of children with obesity can
develop hypertension. The mechanism of developing hypertension in childhood obesity is complex; however, several
factors have been recognized such as renin angiotensin aldosterone activation, the activity of the sympathetic nervous
system (SNS), disturbed sodium hemostasis, oxidative stress, and dysfunction of the endothelial system. Leptin, resistin,
and Interleukin-6, the pro-inflammatory adipokines stimulate the SNS which in turn affects the renal vascular bed [63].
Additionally, hyperinsulinemia increases renal sodium retention, and intracellular calcium and stimulates the SNS which
causes high blood pressure [64].

Hepatic Steatosis

Non-alcoholic fatty liver disease (NAFLD) is an important cause of liver disease in obese children. Clinicians should
screen obese children for fatty liver with alanine transaminase (ALT) and ultrasonography. NAFLD is associated with
liver fat (steatosis) and with liver inflammation and hepatic injury (NASH- non-alcoholic steatohepatitis) [65]. NAFLD
is related to central obesity, insulin resistance, type 2 diabetes, dyslipidemia, and hypertension which are linked to
metabolic syndrome [66]. Progression to an end-stage liver disease requiring a liver transplant due to NAFLD is less
well-defined in the pediatric population while some studies reveal end-stage liver disease is 14 times more common in
children with NAFLD than non-NAFLD [67].

Gallstones

There are pigment gallstones which are associated with chronic hemolysis and cholesterol gallstones that are linked to
environmental and genetic factors and mixed stones. Cholesterol stones account for 70% of overall gallstones. Obese
girls are more prone to develop cholelithiasis compared to boys and it is more common during the weight reduction
process. Increased synthesis of cholesterol and cholesterol saturation of bile is the cause of gallstone production
among obese adolescents [68]. Pediatricians should consult a pediatric gastroenterologist when an overweight child has
mysterious stomach ache and or is jaundiced.

Sleep Disorders

Children and adolescents with obesity and overweight are at risk of developing obstructive sleep apnea (OSA) [69].
Neurocognitive dysfunction, abnormal behaviors, and increased daytime sleepiness are common in children with
OSA [70]. Oxidative systemic stress and inflammation can be caused by OSA in adolescents However, cardiovascular
complications are less common in children with OSA compared to adolescents and adults [71-73].

Metabolic Syndrome

There is no clear-cut definition of metabolic syndrome in children, however, it is characterized by cardiovascular risk
factors such as acanthosis nigricans, dyslipidemia, hypertension, pre-diabetes, and NASH which is caused by insulin
resistance due to obesity [74]. Hyperinsulinism, poor sleep behaviors, and low vitamin D levels increase the risk of
metabolic syndrome [75]. Regular screening and intervention of complications associated with metabolic syndrome in
an obese child is vital to save the future of a child’s health.

Asthma

Some studies reveal that asthma and its exacerbations have been found more prevalent and severe in obese and
overweight children. Asthma in an obese child is mildly less responsive to inhaled corticosteroids compared to non-obese
children. Asthma and childhood obesity are mediated by abnormal obesity-related systemic inflammatory and oxidative
stress, airway narrowing, reduced lung volumes, chest restriction, obstructive sleep apnea, and gastroesophageal reflux
[76].

Menstrual Irregularities and Polycystic Ovarian Syndrome

Obesity in adolescent females puts them at risk of developing irregular menstrual cycles and polycystic ovarian syndrome
due to hyperinsulinism and hyperandrogenism. They can have hirsutism, polycystic ovaries, insulin resistance, and
distorted body image and they may develop type 2 diabetes and metabolic syndrome [77].

Growth and Puberty

Obesity can affect growth and puberty in children. Excessive weight gain accelerates the linear growth velocity in
prepubertal children and advances bone age [78]. Insulin levels can be abnormally high in obese children and leptin
resistance can occur in children where higher leptin levels are produced by adipose tissues. Insulin, leptin, and sex
hormones impact the maturation of growth plates resulting in advancement in bone age [78,79]. Early puberty can
be initiated in overweight children due to hormonal disturbances. They may present with thelarche, adrenarche, and
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precocious puberty [80]. Research reveals that early pubertal changes are mostly in girls whereas obese boys show
delayed puberty and overweight boys may present with early puberty [81]. Premature adrenarche in girls is a risk factor
for developing polycystic ovarian syndrome later in life [82]. Moreover, rapid weight gain during infancy is a risk factor
for childhood adiposity and early menarche in girls [83]. Obese children are tall and mature early as compared to lean
children, but their growth velocity is relatively less in their teen years in comparison to normal-weight adolescents [84].

Social and Emotional Impacts

Likewise, medical concerns, there are emotional and social impacts on children with obesity. Childhood obesity is
considered one of the most stigmatizing and least acceptable conditions socially [85]. Obese children are often
discriminated against, and they face challenges such as bullying and teasing by peers, negative stereotypes, and social
exclusion [86,87]. They are often excluded from competitive physical activities as they tend to be slower than their
peers. These negative experiences result in low self-confidence in children which affects their academic performance.
Obese children have four times more problems at school and in their academic performances than their normal-weight
peers, for instance, missing school more frequently [85].

Socially, obese children are less sociable as they have fewer friends as compared to normal-weight children. They seek
places where they can eat comfortably and avoid negative comments, which results in forcing them to spend life in a
sedentary way [88].

Similarly, obese adolescents may suffer from depression that results in social isolation, a sedentary lifestyle, and poor
eating habits. Moreover, they face peer victimization/bullying and develop body image dissatisfaction, poor self-esteem,
and difficult interpersonal relationships. Anxiety disorders and ADHD are associated with childhood and adolescent
obesity [89]. They may have decreased resilience to challenging situations [90]. To control their weight and due to
negative body image, obese adolescents engage themselves in eating disorders such as anorexia nervosa, binge eating
disorders, night eating syndromes, and bulimia nervosa [91].

Persistence of Obesity in Adulthood

About 55% of obese children will be obese in adolescence almost 80% of adolescents will be obese in adulthood and
around 70% will be obese above the age of 30. According to studies,15-30% of adults were obese in their childhood or
adolescent period [92].

Preventive Strategies and Management of Childhood Obesity

Prevention is better than cure, this is true for pediatric obesity. The goal in fighting the obesity epidemic in children is
to achieve a balance in energy that can be maintained throughout the individual’s life. The treatment of child obesity
depends on its cause, and it usually includes lifestyle modifications.

WHO Recommendations

WHO emphasizes largely preventive measures for pediatric obesity with supportive environments and communities that
are crucial in shaping people’s choices i.e., choices of healthy food and daily physical activity of 60 minutes which is the
most accessible, affordable, available, and easiest choice for children. WHO recommends the increased consumption of
fruits, vegetables, legumes, and nuts and less energy intake from sugars and total fats as shown in Figure 6. The food
industry can play an essential role in the promotion of a healthy diet e.g., reducing the sugar, salt, and fat content in
processed food, restricting the marketing of food that is high in sugar, fat, and salt, particularly that food that is aimed
at children and teens, the availability of healthy food choices at school or workplace.

Figure 6: Prevention of Obesity in Children
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A: no/less junk food B: less screen time C: eating more veggies/fruits D: plenty of fluids E: physical activities F: healthy
child

Motivational Interview

Motivational interviewing techniques are useful to encourage positive behaviour change in adolescents and children
with obesity because research reveals that language that healthcare providers use sometimes decreases the motivation
for weight control which potentially causes the avoidance of preventive care rather it results in binge eating, decrease
physical activity, social isolation, avoidance of health care facilities and increased weight gain [93,94]. Effective provider-
patient communication is essential to encourage positive behavior change [95].

Anticipatory Guidance

Assisting parents or guardians by a healthcare provider to understand the expected growth and development of the
child is anticipatory guidance. It also includes educating parents about healthy and unhealthy eating practices, the
importance of physical activity, disadvantages of a sedentary lifestyle e.g., screen time as the lifestyle behavior of
children is largely affected by societal factors including family practices [96]. Therefore, family-based multi-component
weight loss behavioral treatment is the gold standard for the management of obesity in children, particularly children
between 2 and 6 years old [91].

Structured Weight Management Program

A multidisciplinary approach involving physicians, dieticians, and psychologists 1-2 times per week in the structured
weight management of children and adolescents is the next step when lifestyle modifications have failed, however, it is
not useful in severe obesity [97,98].

Pharmacological Treatment

Pharmacological therapy in the management of children and adolescents is limited. However, the Food and Drug
Administration (FDA) approved two anti-obesity medications for children and adolescents i.e. Orlistat and phentermine
[99].

Orlistat is approved by the FDA for children >12 years of age for the long-term management of obesity. It was not
approved for use by FDA in adolescents until 2003 [100]. The dose is 120mg three times a day with meals. The
mechanism is the inhibition of pancreatic and gastric lipase, and it decreases the absorption of lipids. Side effects are
unpleasant which limits its use i.e., gastric upset, abdominal pain, fecal urgency and incontinence, and fat-soluble
vitamin deficiency [101]. Contraindications are malabsorption, pregnancy, and cholestasis [102].

Phentermine is the short-term 12 weeks or less, treatment of obesity in individuals more than 16 years of age. This
drug is an amphetamine analog and is FDA-approved. The prescribed dose is 15 mg, 30mg, and 37.5mg daily [100].
Phentermine acts to enhance catecholamine and serotonin activity in the central nervous system which results in the
suppression of appetite [100]. Common side effects are increased heart and blood pressure, gastrointestinal side
effects, tremors, headaches, mood swings, and dry mouth [103]. Past or uncontrolled cardiovascular disease, glaucoma,
hyperthyroidism, and the current use of monoamine oxidase inhibitors are a contraindication to the use of phentermine
[104].

Off-label use of drugs such as metformin, exenatide, topiramate or zonisamide, octreotide, and growth hormone (GH)
for obesity.

GH is used for the syndromic type of obesity i.e. PWS [105]. It reduces fat mass and increases lean body mass.
Octreotide (somatostatin analog) is used for hypothalamic obesity for weight stabilization in adolescents while Lis
dexamphetamine which is used for attention deficit hyperactivity disorder (ADHD) is also used for binge eating and
severe obesity in adolescents [106,107]. Metformin has been used in children with insulin resistance and may have
some effect on weight, but it is not FDA-approved for obesity in children.

Neuropeptide Y (NPY) is highly abundant in the central nervous system and its receptor belongs to the group of
G-protein-coupled receptor superfamily and has crucial roles in food intake, anxiety, and cancer biology. The NPY
receptor Y1R is expressed in a variety of tissues and involved in the regulation of many physiological functions, related
to obesity and cancer Figure 7 [108].
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Figure 7: The Crystal Structure of Human Neuropeptide Y Y1 Receptor with BMS-193885. The receptor is
Shown in Cartoon Representation While the Ligand is Shown as the Red Stick.

Bariatric Surgery

Indication of weight loss surgery is the age between 14 and 18 years and a body mass index (BMI) of 40 or more or 35
or more with a serious co-morbid condition of obesity such as diabetes type 2. Before considering surgery, patients need
to participate in a structured weight-loss program for at least six months with a multidisciplinary team [109]. Roux-en-Y
Gastric Bypass (RYGB), laparoscopic Sleeve Gastrectomy (LSG) is currently approved for children under 18 years of age.
Gastric banding is not FDA-approved for adolescents. Research reveals weight loss surgery has less severe side effects
in adolescents than in adults [110]. The lifetime outcome of surgery in teens is still unknown though five-year data on
gastric bypass is promising, however, psychosocial impacts after getting surgery are also challenging and uncertain in
adolescents [22].

Conclusion

Obesity in children and adolescents has been growing globally and is known to have a significant impact on physical
and psychological health i.e., self-esteem and emotional well-being of children. Obesity is the result of several factors
in children such as environmental factors, lifestyle, and cultural preferences play pivotal roles in the rising prevalence
of obesity worldwide. In general, overweight and obesity are assumed to be the results of an increase in caloric and fat
intake.

Lifestyle intervention is crucial for the prevention of obesity though it has modest effects in severe obesity in children.
Parents need to adopt a healthier lifestyle and encourage children to eat more fruits and veggies, less junk food,
less screen time, and increased physical activity. A combined dietary modification and physical activity intervention
conducted in the community with a school component is more effective at preventing obesity or overweight in the
pediatric population, in this way we may lead to a healthier society.
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