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Review Article

Introduction

Childhood and adolescent obesity have reached epi-
demic levels in the United States, affecting the lives of 
millions of people. In the past 3 decades, the prevalence 
of childhood obesity has more than doubled in children 
and tripled in adolescents.1 The latest data from the 
National Health and Nutrition Examination Survey 
show that the prevalence of obesity among US children 
and adolescents was 18.5% in 2015-2016. Overall, the 
prevalence of obesity among adolescents (12-19 years; 
20.6%) and school-aged children (6-11 years; 18.4%) 
was higher than among preschool-aged children (2-5 
years; 13.9%). School-aged boys (20.4%) had a higher 
prevalence of obesity than preschool-aged boys (14.3%). 
Adolescent girls (20.9%) had a higher prevalence of 
obesity than preschool-aged girls (13.5%; Figure 1).1 

Moreover, the rates of obesity have been steadily rising 
from 1999-2000 through 2015-2016 (Figure 2).1 
According to Ahmad et al, 80% of adolescents aged 10 
to 14 years, 25% of children younger than the age of 5 
years, and 50% of children aged 6 to 9 years with obe-
sity are at risk of remaining adults with obesity.2

Obesity can affect all aspects of children and adoles-
cents including but not limited to their psychological 
health and cardiovascular health and also their overall 
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Childhood and adolescent obesity have reached epidemic levels in the United States. Currently, about 17% of US 
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physical health.3 The association between obesity and 
morbid outcomes makes it a public health concern for 
children and adolescents.4 Obesity has an enormous 
impact on both physical and psychological health. 
Consequently, it is associated with several comorbidity 
conditions such as hypertension, hyperlipidemia, diabe-
tes, sleep apnea, poor self-esteem, and even serious 
forms of depression.5 In addition, children with obesity 
who were followed-up to adulthood were much more 
likely to suffer from cardiovascular and digestive dis-
eases.3 The increase in body fat also exposes the chil-
dren to increase in the risk of numerous forms of cancers, 
such as breast, colon, esophageal, kidney, and pancreatic 
cancers.6

Due to its public health significance, the increasing 
trend in childhood obesity needs to be closely 

monitored.7 However, these trends have proved to be 
challenging to quantify and compare. While there are 
many factors and areas to consider when discussing obe-
sity in children and adolescents, there are a few trends 
that are evident in recent studies. For example, the preva-
lence of obesity varies among ethnic groups, age, sex, 
education levels, and socioeconomic status. A report 
published by the National Center for Health Statistics 
using data from the National Health and Nutrition 
Examination Survey provides the most recent national 
estimates from 2015 to 2016 on obesity prevalence by 
sex, age, race, and overall estimates from 1999-2000 
through 2015-2016.1 Prevalence of obesity among non-
Hispanic black (22.0%) and Hispanic (25.8%) children 
and adolescents aged 2 to 19 years was higher  
than among both non-Hispanic white (14.1%) and 

Figure 1. Prevalence of obesity among children and adolescents aged 2 to 19 years, by sex and age: the United States, 2015-2016.

Figure 2. Trends in obesity prevalence among children and adolescents aged 2 to 19 years: the United States, 1999-2000 
through 2015-2016.
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non-Hispanic Asian (11.0%) children and adolescents. 
There were no significant differences in the prevalence 
of obesity between non-Hispanic white and non-His-
panic Asian children and adolescents or between non-
Hispanic black and Hispanic children and adolescents. 
The pattern among girls was similar to the pattern in all 
children and adolescents. The prevalence of obesity was 
25.1% in non-Hispanic black, 23.6% in Hispanic, 13.5% 
in non-Hispanic white, and 10.1% in non-Hispanic Asian 
girls. The pattern among boys was similar to the pattern 
in all children and adolescents except that Hispanic boys 
(28.0%) had a higher prevalence of obesity than non-
Hispanic black boys (19.0%; Figure 3).1 This review 
article is aimed at studying the health implications 
including physical and psychological factors and comor-
bidities, as well as the epidemiology, risk factors, preven-
tion, and control of childhood and adolescent obesity in 
the United States.

Methodology

We performed a literature search using online elec-
tronic databases (PubMed, MedlinePlus, Mendeley, 
Google Scholar, Research Gate, Global Health, and 
Scopus) using the keywords “childhood,” “adoles-
cents,” “obesity,” “BMI,” and “overweight.” Articles 
were retrieved and selected based on relevance to the 
research question.

Ethical Approval and Informed Consent

Ethics approval and informed consent were not required 
for this narrative review.

Definition of Childhood Obesity

Defining obesity requires a suitable measurement of 
body fat and an appropriate cutoff range.8 Body mass 
index (BMI) was calculated as weight in kilograms 
divided by height in meters squared, rounded to 1 deci-
mal place. Obesity in children and adolescents was 
defined as a BMI of greater than or equal to the age- 
and sex-specific 95th percentile and overweight with a 
BMI between the 85th and 95th percentiles of the 2000 
Centers for Disease Control and Prevention (CDC) 
growth charts.9

However, the use of the BMI percentile according 
to the age/sex of the CDC growth charts for very high 
BMIs can result in estimates that differ substantially 
from those that are observed,10,11 and this constrains 
the maximum BMI that is attainable at given sex and 
age.12,13 These limitations have resulted in the classifi-
cation of severe obesity as a BMI ≥120% of the 95th 
percentile rather than a percentile greater than the 95th 
percentile.11,14 A BMI of 120% of the 95th percentile 
corresponds to a BMI of ~35 among 16 to 18 year 
olds.

Physiology of Energy Regulation and 
Obesity

Obesity is a chronic multifactorial disease, characterized 
by an excessive accumulation of adipose tissue, com-
monly as a result of excessive food intake and/or low 
energy expenditure. Obesity can be triggered by genetic, 
psychological, lifestyle, nutritional, environmental, and 
hormonal factors.15

Figure 3. Prevalence of obesity among children and adolescents aged 2 to 19 years, by sex and race and Hispanic origin: the 
United States, 2015-2016.
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Obesity is found in individuals that are susceptible 
genetically and involves the biological defense of an 
elevated body fat mass, the mechanism of which 
could be explained in part by interactions between 
brain reward and homeostatic circuits, inflammatory 
signaling, accumulation of lipid metabolites, or other 
mechanisms that impair hypothalamic neurons.16

Normal energy regulation physiology is under tight 
neurohormonal control. The neurohormonal control is 
performed in the central nervous system through neu-
roendocrine connections, in which circulating periph-
eral hormones, such as leptin and insulin, provide 
signals to specialized neurons of the hypothalamus 
reflecting body fat stores and induces appropriate 
responses to maintain the stability of these stores. The 
hypothalamic region is where the center of the regula-
tion of hunger and satiety is located. Some of them 
target the activity of endogenous peptides, such as 
ghrelin, pancreatic polypeptide,17 peptide YY, and 
neuropeptide Y,18 as well as their receptors.

The physiology of energy regulation may result in 
obesity in susceptible people when it goes awry from 
genetic and environmental modulators. There is 
strong evidence of the majority of obesity cases that 
are associated with central resistance to both leptin 
and insulin actions.19,20 The environmental modula-
tors equally play critical roles in obesity. Changes in 
the circadian clock are associated with temporal alter-
ations in feeding behavior and increased weight 
gain.21 Stress interferes with cognitive processes such 
as executive function and self-regulation. Second, 
stress can affect behavior by inducing overeating and 
consumption of foods that are high in calories, fat, or 
sugar; by decreasing physical activity; and by short-
ening sleep. Third, stress triggers physiological 
changes in the hypothalamic-pituitary-adrenal axis, 
reward processing in the brain, and possibly the gut 
microbiome. Finally, stress can stimulate the produc-
tion of biochemical hormones and peptides such as 
leptin, ghrelin, and neuropeptide Y.17

The lateral hypothalamus (LH) plays a fundamental 
role in regulating feeding and reward-related behav-
iors; however, the contributions of neuronal subpopu-
lations in the LH are yet to be identified thoroughly.22 
The LH has also been associated with other aspects of 
body weight regulation, such as physical activity and 
thermogenesis.23 The LH contains a heterogeneous 
assembly of neuronal cell populations, in which γ-
aminobutyric acid (GABA) neurons predominate.23 
LH GABA neurons are known to mediate multiple 
behaviors important for body weight regulation, thus 
altering energy expenditure.23

Etiology and Risk Factors

Excess body fat is a major health concern in childhood 
and adolescent populations. The dramatic increase in 
childhood obesity foreshadows the serious health conse-
quences of their adult life. As obesity begins from child-
hood and spans through adult life, it becomes 
increasingly more difficult to treat successfully. Being 
able to identify the risk factors and potential causes of 
childhood obesity is one of the best strategies for pre-
venting the epidemic.24

According to the Morbidity and Mortality Weekly 
Report released in 2011, there is an acceptance that there 
is no single cause of childhood obesity and that energy 
imbalance is just a part of the numerous factors.25 Many 
children have a discrepancy between what is taken in and 
what is expended.26 For example, children with obesity 
consume approximately 1000 calories more than what is 
necessary for their body to function healthily and to be 
able to participate in regular physical activities. Over 10 
years, there will be an excess of 57 pounds of unneces-
sary weight. With excessive caloric intake, as well as 
sedentary lifestyles, childhood obesity will continue to 
rise if no changes are implemented. Adding daily physi-
cal activity, better sleep patterns, as well as dietary 
changes can help decrease the number of excess calories 
and help with obesity-related problems in the future.

Also, during childhood, excess fat accumulates when 
the increase in caloric intake exceeds the total energy 
expenditure.26 Furthermore, children living in the United 
States today compared with children living in the 1900s 
are participating in more than 6 hours per day activities 
on social media. This includes but is not limited to tradi-
tional television, video gaming, and blogging/Facebook 
activities. An additional economic rationalization for the 
increase in childhood obesity is technology. In other 
words, Americans can now eat more in less time.

In a study, Cutler et al found that an increase in con-
sumption of food tends to be related to technology inno-
vation in food production and transportation. Technology 
has thus made it increasingly possible for firms to mass 
prepare food and ship to consumers for ready consump-
tion, thereby taking advantage of scale economies in 
food preparation. The result of this change has been a 
significant reduction in the time costs for food produc-
tion. These lower time costs have led to increased food 
consumption and, ultimately, increased weights.27 
Eliminating the time cost of food preparation dispropor-
tionately increases consumption for hyperbolic discount-
ers because time delay is a particularly important 
mechanism for discouraging those individuals from con-
suming.27 Society today prefers immediate satisfaction 
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with regard to food and convenience over the long-term 
goals of living a long, healthy life. The availability of 
high-caloric, less-expensive food coupled with the 
extensive advertisement and easy accessibility of these 
foods has contributed immensely to the rising trend of 
obesity.28 For example, there have been reductions in the 
price of McDonalds and Coca-Cola (5.44% and 34.89%, 
respectively) between 1990 and 2007, while there was 
about a 17% increase in the price of fruits and vegeta-
bles between 1997 and 2003.29

Likewise, only 16% of children walk or bike to 
school today as compared with 42% in the late 1960s. 
However, the distance, convenience, weather, scanty 
sidewalks, and anxiety about crimes against children 
could all contribute to this difference. Furthermore, with 
elementary, middle, and high school combined, only 
13.8% of these schools provide adequate daily physical 
education classes for at least 4 hours a week.30

Some other potential risk factors have been reported 
through research studies that involve issues that affect the 
child in utero and childhood. Table 1 represents potential 
risk factors and confounders of childhood obesity.31

Catalano et al argues that maternal BMI before con-
ception, independent of maternal glucose status or birth 
weight, is a strong predictor of childhood obesity.32 
Infants at the highest quarter for weight at 8 and 18 
months are more likely to become children with obesity 
at age 7, than children in the lower quarters. Certain 
behaviors have been linked to childhood obesity and 
overweight; these are a lack of physical activity and 
unhealthy eating patterns (eating more food away from 

home, drinking more sugar-sweetened drinks, and 
snacking more frequently), resulting in excess energy 
intake.22,31 In addition, when one parent presents with 
obesity, there is an increased potential for the child to 
become obese over the years. Naturally, the risk is higher 
for the children when both parents present with obesity. 
Furthermore, a study that followed children over time 
observed that children who got less sleep <10.5 hours at 
age 3 were 45% more likely to be children with obesity 
at the age of 7, than children who got greater than 12 
hours of sleep during their first 3 years of life.33,34

While all the above-mentioned factors are informa-
tive, there is still the need for further research concern-
ing childhood and adolescent obesity and obesity in 
general. Risk factors for obesity in childhood are still 
somewhat uncertain, and evidence-based research for 
preventative strategies is lacking. Moreover, effective 
action to prevent the childhood obesity epidemic 
requires evidence-based on early life risk factors, and 
this evidence, unfortunately, is still incomplete. 
Furthermore, a research study has attempted to capture 
the complete picture of childhood obesity early life 
course risk factors. In the study, they identified that 
parental BMI and gestational weight gain among other 
factors should be considered in prevention programs.35

Health Effects of Childhood Obesity

Childhood obesity is known to have a significant impact 
on both physical and psychological health. Sahoo et al 
stated that “childhood obesity can profoundly affect 

Table 1. Potential Risk Factors of Childhood Obesity.

Family characteristics Parent’s BMI during pregnancy
 Number of siblings of the child at 18 months
 The ethnicity of the child
 Age of the mother at delivery
Childhood lifestyle Time spent watching TV
 Time in the car per day (weekdays/weekend)
 Duration of night sleep
 Dietary pattern
Infant feeding Breast feeding/formula feeding
 Age of introduction to solid foods
Intrauterine and perinatal factors Birthweight
 Sex
 Maternal parity
 Maternal smoking during pregnancy (28-32 weeks)
 Season of birth (winter, summer, fall, spring)
 Number of fetuses
Other Maternal social class (SES)
 Maternal education
 Energy intake of the child

Abbreviations: BMI, body mass index; SES, socioeconomic status.



6 Global Pediatric Health

children’s physical health, social and emotional well-
being, as well as self-esteem.” They associated poor 
academic performance and a lower quality of life expe-
rienced by the child with childhood obesity. They also 
stated that “metabolic, cardiovascular, orthopedic, neu-
rological, hepatic, pulmonary, and menstrual disorders 
among others are consequences of childhood obesity.”36 
There are many health consequences of childhood obe-
sity, and three of the more common ones are sleep apnea, 
diabetes, and cardiovascular diseases.36

Psychological Consequences of 
Obesity

Several studies related to childhood and adolescent obe-
sity have focused primarily on physiological conse-
quences. Other studies have been conducted regarding 
the association between psychiatric disorders and obe-
sity; these have resulted in conflict due to obesity being 
found to be an insignificant factor for psychopathology. 
However, a comparative study by Britz et al found that 
high rates of mood, anxiety, somatoform, and eating dis-
orders were detected among children with obesity. The 
study also observed that most psychiatric disorders 
began after the onset of obesity. In this large population-
based study, it was found that a staggering 60% of 
females and 35% of males reported that they have 
engaged in binge eating and expressed a lack of control 
over their diet.37

Goldfield et al conducted a study among 1400 ado-
lescents with obesity, overweight, and normal weight  
in grades 7 to 12. Their BMIs, as determined by the 
International Obesity Task Force, were the criteria used 
to define each group. Each participant completed a ques-
tionnaire on body images, eating behaviors, and moods. 
Adolescents with obesity reported significantly higher 
body dissatisfaction, social isolation, depression symp-
toms, anhedonia, and negative self-esteem than those of 
normal weight.38 There is widespread stigmatization of 
people with obesity that causes harm rather than the 
intention to motivate people to lose weight. Stigma con-
tributes to behaviors such as binge eating, social isola-
tion, avoidance of health care services, decreased 
physical activity, and increased weight gain, which 
worsens obesity and creates additional barriers to 
healthy behavior change.39 Weight-based bullying in 
youth is considered a common, serious problem in many 
countries.40 In a study conducted by O’Brien et al, to test 
whether the association between weight stigma experi-
ences and disordered eating behaviors, that is, emotional 
eating, uncontrolled eating, and loss-of-control eating, 
are mediated by weight bias internalization and psycho-
logical distress among 634 undergraduate university 

students, and results of statistical analyses showed that 
weight stigma was significantly associated with all mea-
sures of disordered eating, and with weight bias internal-
ization and psychological distress.41

Asthma and Obesity

There is mounting evidence that childhood obesity is a 
risk factor for the development of asthma.42 A research 
study was conducted by Belamarich et al to investigate 
1322 children aged 4 to 9 years with asthma. Obesity, as 
defined by the CDC, is the BMI, with weight and height 
being greater than the 95th percentile. This was the cri-
teria used to identify the 249 children with obesity, while 
the BMI between the 5th and 95th percentile identified 
the children who were not obese. After a baseline assess-
ment was done, the 9-month study found that the chil-
dren with obesity had a higher number of days of 
wheezing over 2 weeks (4.0 vs 3.4) and as well had 
more unscheduled emergency hospital visits (39% vs 
31%).42

Obesity directly correlates with the severity of 
asthma, as well as poor response to corticosteroids.43 In 
fact, children with obesity who also have a history of 
asthma are more challenging to control and linked to 
worse quality of life.44 A prospective trial found that 
weight loss in patients with obesity and a history of 
asthma can significantly aid them to control the asthma 
attacks.43

Chronic Inflammation and 
Childhood Obesity

Lumeng and Saltiel reported that obesity in children 
affects multiple organ systems and predisposes them to 
diseases. The effect of obesity on the tissue can manifest 
in the development of insulin-resistant type 2 diabetes, 
the risk of cancer, and pulmonary diseases.45

The inflammatory response to obesity triggers patho-
gens, systematic increases in circulatory inflammatory 
cytokines, and acute-phase reactants (eg, C-reactive pro-
teins), which inflames the tissues. This is often caused by 
the activation of tissue leukocytes. Chronic inflammation 
in children with obesity can induce meta-inflammation 
that is unique when compared with other inflammatory 
paradigms (eg, infection, autoimmune diseases).45 
Researchers have reported that children with obesity are 
at risk of lifelong meta-inflammation. In these children, 
the inflammatory markers are elevated as early as in the 
third year of life.45,46 This has been linked to heart disease 
later in life.19 The long-term consequences of such find-
ings can cause cumulative vascular damage that corre-
lates with the increased weight status.47
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The short-term and long-term effects of obesity on 
the health of children is a significant concern because of 
the negative psychological and health consequences.46 
The potential negative psychological outcomes are 
depressive symptoms, poor body image, low self-
esteem, a risk for eating disorders, and behavior and 
learning problems. Additional negative health conse-
quences include insulin resistance, type 2 diabetes, 
asthma, hypertension, high total, and low-density lipo-
protein cholesterol and triglyceride levels in the blood, 
low high-density lipoprotein cholesterol levels in the 
blood, sleep apnea, early puberty, orthopedic problems, 
and nonalcoholic steatohepatitis46,47 (Figure 4). Children 
with obesity are more likely to become adults with obe-
sity, thus increasing their risk for several diseases before 
they even reach their teen years.48

Prevention and Control

There are two primary components to the prevention 
and control of childhood obesity.

The first is to educate parents on proper nutritional 
requirements for their children and the second is to 
implement the learned information. Educating parents 
on proper nutrition and dietary caloric intake require-
ments for their children is at the forefront for the preven-
tion of obesity; however, the way the information is 
disseminated may affect the usefulness of the informa-
tion. For example, one of the main limitations to the 
education of parents about childhood obesity is that 

typically written information is used as the conduit to 
health information and disease prevention.49 The 
Growing Right Onto Wellness (GROW) trial used a sys-
tematic assessment of patient education material that 
was used for the prevention of childhood obesity in the 
low health literate population.49 Results suggest that the 
average readability is of grade 6 level (SMOG [Simple 
Measure of Gobbledygook] Index 5.63 ± 0.76 and Fry 
graph 6.0 ± 0.85) and that adjustment of education 
material must be done for low health literate populations 
to adequately comprehend educational material and 
maintain motivation on the prevention of childhood obe-
sity.49 A similar study was conducted to further support 
this improvement when using color-coordinated dia-
grams to help parents visualize instead of trying to com-
prehend with numbers and words. It proved to be 
successful as parents were able to see where they were 
going wrong and make the necessary changes in their 
children’s diet.49

Similarly, the National Institute of Child Health and 
Human Development Study of Early Child Care and 
Youth Development conducted a study on 744 adoles-
cents and parents, and analyzed data to determine if 
parental (maternal and paternal, individually) reactions 
to children’s behavior was related to childhood obe-
sity.50 The study concluded that informing parents that 
their attitude toward their children’s behaviors will 
play a prominent role in preventing childhood obe-
sity.50 Parental education on nutrition, health, and the 
involvement of politicians, physicians, and school per-
sonnel are key for the prevention of childhood obesity. 
However, community and educational institutions have 
begun legislating and incorporating programs such as 
providing healthy foods at schools and also health 
information sessions directed toward young individu-
als, aimed at preventing childhood obesity in the 
United States and Canada.51

Another effective prevention measure against child-
hood obesity is the awareness of parents on the meal and 
snack portion sizes. In a systematic review conducted on 
the effects of portion size manipulation with children 
and portion education/training interventions on dietary 
intake with parents, it was determined that the ability of 
adults to accurately estimate portion size improved fol-
lowing education/training.52 Education of parents and 
children on diet requirements has its limitations in that 
the information must be easy to understand and be easily 
accessible in order to be practical. Making the available 
education materials easier to understand from just tables 
and numbers to more relatable aspects such as colors or 
figures, parents were able to visualize the changes they 
need to make whether it is with regard to portion sizes or 
even seeing how much childhood obesity is present in 

Figure 4. Comorbidities and potential health consequences 
of childhood obesity.47
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their family. Although much of the literature provided to 
parents is targeted to help those with lower numeracy 
skills, many parents benefited from the information 
being comparative from right/wrong and good/bad with 
regard to dieting.49

The study recommended that proper educational 
materials, including useful and understandable litera-
ture, be used to control meal portion sizes and to help 
parents identify when children are at risk of obesity. 
Similarly, healthy eating practices should be taught by 
schools as a mandatory and essential method in the pre-
vention of childhood obesity.52

The implementation of healthy eating practices and 
adequate exercise regimes are essential in the preven-
tion and control of childhood obesity. For example, 
information from systematic reviews, randomized 
controlled trials, and well-designed observational 
studies indicate that evidence-based prevention and 
control of childhood obesity can be accomplished with 
the collaboration of community/school, primary health 
care, and home-based/family-based interventions that 
involve both physical activity and dietary compo-
nent.53 In particular, the control of children with obe-
sity is of significant value, as is the prevention of 
obesity. Two randomized control trials of 182 families 
were conducted from November 2005 to September 
2007, and they studied the efficacy of US pediatric 
obesity treatment guidelines in children aged 4 to 9 
years with a standardized BMI (ZBMI) greater than 
the 85 percentile.54 Briefly, Trial 1 studied the impact 
on ZBMI by reducing snack foods and sugar-sweet-
ened beverages and increasing fruits, vegetables, and 
low-fat dairy.54 Trial 2 studied the impact on ZBMI by 
decreasing sugar-sweetened beverages and increasing 
physical activity and increasing low-fat milk con-
sumption and reducing television watching. In Trial 1, 
the resulting ZBMI reduced within 6 months, and this 
was maintained through to the 12th month (ΔZBMI 
0-12 months = −0.12 ± 0.22).53 In Trial 2, the result-
ing ZBMI reduced within 6 months and continued to 
improve till the 12 months (ΔZBMI 0-12 months = 
−0.16 ± 0.31).50

A similar cluster-randomized trial in England stud-
ied the effects of the reduction of carbonated beverages 
on the number of children with obesity in 29 classes 
(644 children).51 Results indicate that a decrease of 0.6 
glasses of carbonated drinks (250 mL) over three days 
per week decreased the number of children with obe-
sity by 0.2%, while the control group increased by 
7.5% (mean difference = 7.7%, 2.2% to 13.1%) at 12 
months. However, diet control is only one component 
of the control and prevention of childhood obesity, 
while adequate exercise is another.55

A systematic review and meta-analyses of the impact 
of diet and exercise programs (single or combined) was 
done on their effects on metabolic risk reduction in the 
pediatric population.56 Analyses indicated that the addi-
tion of exercise to dietary intervention led to greater 
improvements in the levels of high-density lipoprotein 
cholesterol (3.86 mg/dL; 95% confidence interval [CI] 
= 2.70 to 4.63), fasting glucose (−2.16 mg/dL; 95% CI 
= −3.78 to −0.72), and fasting insulin (−2.75 µIU/mL; 
95% CI = −4.50 to −1.00) over 6 months.56 Diet and 
exercise are both important factors in the control and 
prevention of childhood obesity. It is our recommenda-
tion that parents and community (teachers and doctors) 
should be involved in identifying children at risk based 
on their BMI and participate in implementing practices 
such as good diet control through the reduction of sug-
ary drinks, fatty foods, and also encouraging safe exer-
cise programs to prevent and control childhood obesity 
in the society.56

While all of the previous data express the more obvi-
ous prevention methods with regard to childhood obe-
sity, it is imperative to note that ensuring that the whole 
family is involved in the intervention will yield the 
greatest results.2 All current studies indicate that fami-
lies must be included in childhood treatment of obesity. 
However, for the success of the child’s weight loss pro-
gram, it is vital that the parents understand that the 
causes of obesity are often a mixture of four factors: 
genetic causes, parental habits, overeating, and poor 
exercise habits. Thus, instilling some responsibility on 
the parents and informing them that controlled food 
preparation, diet control, and family participation in 
physical activities will all assist in the treatment and 
control of obesity in their children.2

Childhood obesity has increased significantly in 
recent decades and has quickly become a public health 
crisis in the United States and all over the world. Its 
increase in prevalence has provoked widespread 
research efforts to identify the factors that contributed to 
these changes.57 Obesity starts with an imbalance 
between caloric intake and caloric expenditure.58 
Children with obesity are at greater risk of adult obesity; 
therefore, if we can educate and improve the health hab-
its of families even before they start having children, 
this can help reduce the increasing rate of childhood 
obesity in the United States. Parents and caregivers with 
proper education on the causes and consequences of 
childhood obesity can help prevent childhood obesity by 
providing healthy meals and snacks, daily physical 
activity, and nutrition education to their family mem-
bers.59 Families need to take the approach of not adapt-
ing to their family being on a diet but more of a healthy 
lifestyle. A family’s home environment can influence 
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children at a young age; therefore, making changes start-
ing in the household early can educate and influence 
them to grow up healthy. Although prevention programs 
may be more expensive in the short term, the long-term 
benefits acquired through prevention are much more 
likely to save an even greater amount of health care 
costs. Not only will the children have a better childhood 
and self-esteem, but prevention programs can also 
decrease the incidence of cardiovascular diseases, dia-
betes, stroke, and possibly cancers in adulthood.60 The 
overall need to decrease the obesity rate will help chil-
dren and their families in the generations to come by 
building a healthy lifestyle and environment. In order to 
tackle the climbing obesity rate, overall health and life-
style needs to be a priority as they balance one with the 
other.49 While effective interventions to thwart child-
hood obesity still remain elusive, the sustainability of 
the interventions already in place will enable children 
and their families to adopt these important health behav-
iors as lifelong practices and improve their health.58

Treatment of Obesity and the 
Physiology of Energy Regulation

As discussed previously, a variety of mechanisms par-
ticipate in weight regulation and the development of 
obesity in children, including genetics, developmental 
influences (“metabolic programming” or epigenetics), 
individual and family health behaviors, and environ-
mental factors. Among these potential mechanisms, 
only environmental factors are potentially modifiable 
during childhood and adolescence.

Unfortunately, despite intensive lifestyle modifica-
tions and support for healthy practices within the chil-
dren’s environment, some children will continue to 
struggle with extreme excess weight and associated 
comorbidities.61,62 Therefore, a combination of pharma-
cotherapy and lifestyle modification can be consid-
ered.61 Overweight children should not be treated with 
medications unless significant, severe comorbidities 
persist despite lifestyle modification. The use of phar-
macotherapy should also be considered in overweight 
children with a strong family history of type 2 diabetes 
or cardiovascular risk factors. Constant bidirectional 
communication between the brain and the gastrointesti-
nal tract, as well as the brain and other relevant tissues 
(ie, adipose tissue, pancreas, and liver), ensures that the 
brain constantly perceives and responds accordingly to 
the energy status/needs of the body. This elegant bio-
logical system is subject to disruption by a toxic obeso-
genic environment, leading to syndromes such as leptin 
and insulin resistance, and ultimately further exposing 
individuals who are obese to further weight gain and 

type 2 diabetes mellitus. Currently, the only Food and 
Drug Administration–approved prescription drug indi-
cated for the treatment of pediatric obesity is orlistat 
(Xenical; Genentech USA, Inc, South San Francisco, 
CA).63 Orlistat works by inhibiting gastric and pancre-
atic lipases, the enzymes that break down triglycerides 
in the intestine. Moreover, imaging studies in humans 
are beginning to examine the influence that higher- 
order/hedonic brain regions have on homeostatic areas, 
as well as their responsiveness to homeostatic periph-
eral signals. With a greater understanding of these 
mechanisms, the field moves closer to understanding 
and eventually treating the casualties of obesity.

Conclusion

The number of children with obesity in the United States 
has increased substantially over the years; due to its pub-
lic health significance, the increasing trends need to be 
closely monitored. While a complete picture of all the risk 
factors associated with obesity remains elusive, many of 
the studies agreed that prevention is the key strategy for 
controlling the current problem. Since the combination of 
diet, exercise, and physiological and psychological fac-
tors are all important factors in the control and prevention 
of childhood obesity, primary prevention methods should 
be aimed at educating the child and family and encourag-
ing appropriate diet and exercise from a young age 
through adulthood while secondary prevention should be 
targeted at lessening the effect of childhood obesity by 
preventing the child from continuing unhealthy habits 
and obesity into adulthood. A combination of primary and 
secondary prevention is necessary to achieve the best 
results. Thus, a combined implementation of both types 
of preventions can significantly help lower the current 
prevalence of childhood and adolescent obesity in the 
United States. Failure to take appropriate actions could 
lead to serious public health consequences.
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