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Abstract. Pediatric or childhood obesity is the most prevalent nutritional disorder among children and adolescents
worldwide. Approximately 43 million individuals are obese,
21‑24% children and adolescents are overweight, and 16‑18%
of individuals have abdominal obesity. The prevalence of
obesity is highest among specific ethnic groups. Obesity
increases the risk of heart diseases in children and adults.
Childhood obesity predisposes the individual to insulin
resistance and type 2 diabetes, hypertension, hyperlipidemia,
liver and kidney diseases and causes reproductive dysfunction in adults. Obesity in children is a major health concern
of the developed world. The National Health and Nutrition
Examination Survey has reported that the prevalence of
obesity is on the increase in all the pediatric age groups, in
males and females, and in various ethnic and racial groups.
Factors, such as eating habits, genetics, environment, metabolism, and lifestyle play an important role in the development
of obesity. Over 90% of obesity cases are idiopathic and less
than 10% are associated with genetic and hormonal causes.
Obesity occurs when the body consumes more calories than it
burns, through overeating and underexercising. The symptoms
of obesity include breathing disorders, sleep apnea, chronic
obstructive pulmonary disease, certain types of cancer such
as prostate, bowel, breast and uterine, coronary heart disease,
diabetes (type 2 in children), depression, liver and gallbladder
problems, gastro‑esophageal reflux disease, high blood
pressure, high cholesterol, stroke, and joint diseases such as
osteoarthritis, pain in knees and lower back. Environmental,
behavioral such as consumption of convenience foods, genetic,
and family factors contribute to pediatric obesity. Obesity can
be countered through lower calorie consumption, weight loss
and diet programs, as well as increased physical activity. A
number of endogenous molecules including leptin, hypothalamic melanocortin 4 receptor, and mitochondrial uncoupling
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proteins, are known to affect body weight. These molecules
serve as potential targets for the pharmacological manipulation of obesity. Sibutramine and orlistat are primariliy used
for the treatment of adult obesity, which produces modest
weight loss, of 3‑8% compared to placebo. For children and
obese adolescents, metformin is used in the case of insulin
resistance and hyperinsulinemia. Octreotide is used for
hypothalamic obesity. Bariatric surgery is performed for the
treatment of severe childhood obesity. The causes, symptoms,
prevention and treatment of pediatric obesity are described in
the present review.
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1. Introduction
Pediatric or childhood obesity is a growing global epidemic
that requires attention due to the burden placed on the healthcare system for children and adults (1). Consumption of fatty
foods and a high sugar diet, as well as tobacco smoking, and
no exercise qualify as the main reasons for obesity among children and adults. Obesity affects 34% of children in the USA,
and is considered a top public health concern due to the high
level of morbidity and mortality. Medical costs for obesity care
have escalated, which accounted for 40% of the healthcare
budget in 2006, with billions of dollars being spent on health
care annually (1). For the pediatric health care delivery system,
expenses were $179 per year higher in obese children versus
children with a normal body mass index (BMI) (?). Pediatric
obesity affects all the organs in the body and has an increasing

16

XU and XUE: PEDIATRIC OBESITY: CAUSES, SYMPTOMS, PREVENTION AND TREATMENT

prevalence in young diabetic children. Childhood obesity is
connected with an increased risk of various diseases such as
diabetes, cardiovascular, stroke, certain types of cancer later
in life, social problems and depression among youth (2). As
an increasing number of children are becoming overweight,
health professionals need to search for effective methods for
the prevention and treatment of obesity. In the past 30 years,
pediatric obesity has more than doubled in children and tripled
in adolescents worldwide (3). Among children aged 6‑11 years,
the rate of obesity has increased from 7% in 1980 to 18% in 2010.
This trend was observed among teenagers aged 12‑19 years
where the rate of obesity increased from 5 to 18% during the
same period of time. Obesity may be defined as having excess
body fat and can be determined by the BMI percentage using
a growth chart (3). Individuals with an 85‑95% BMI are classified as overweight and those with 95% BMI are classified as
obese. Growth charts can be used to monitor growth over time.
These charts are divided by percentile curves to demonstrate
the distribution of body measurements. The growth charts are
provided by the Centers for Disease Control and Prevention
and can be used for obesity.
2. Causes of childhood obesity
Obesity occurs when the body consumes more calories than
it burns through overeating and underexercising. Childhood
obesity is caused by excessive food consumption and drinking
of high‑calorie sweetened beverages, no exercise or physical
activity, as well as genetic factors. The body weight is regulated by various physiological mechanisms that maintain
the balance between energy intake and energy expenditure.
These regulatory systems under normal conditions, e.g., a
positive energy balance of only 500 kJ (120 kcal) per day
(approximately one serving of sugar‑sweetened soft drink)
would produce a 50 kg increase in body mass over 10 years.
Therefore, factors that can raise energy intake or decrease
energy expenditure cause obesity in the long term. Genetic
factors have a significant impact on individual predisposition,
but other factors of behavior and environment may also play a
role in childhood obesity.
3. Symptoms and complications of obesity
Symptoms and complications of obesity as well as health risks
include, breathing disorder such as sleep apnea and chronic
obstructive pulmonary disease, and certain types of cancer
such as prostate, bowel in men, breast and uterine cancer in
women, coronary heart disease, diabetes (type 2 in children),
depression, liver and gall bladder problems, gastro‑esophageal
reflux disease, high blood pressure, high cholesterol, stroke,
and diseases of joints such as osteoarthritis, pain in knees
and lower back (4). Obese individuals are likely to have more
medical and health problems. Additionally, they are likely to
have an accumulation of abdominal fat.
4. Genetic, behavioral and environmental factors of obesity
A number of factors contribute to pediatric or childhood
obesity. These can be divided into genetic, behavioral and
environmental factors. Genetic factors stem from the genes

of parents, frequently leading to children becoming overweight (5). Behavioral factors include food consumption and
drinking of high-calorie sugar‑sweetened beverages that are of
low nutritional value, which are readily available for children.
Consumption of the latter in particular has been associated
with obesity (5).
Lack of physical activity also contributes to obesity.
Children spend a large amount of time using technology such
as cell phones, television, computers or video games. On
average, children of 8‑18 years spend 7.5 h per day using these
gadgets and do not participate in physical activities and active
play (5). Concerning environmental factors, the home, school,
and community environments all play an important role
in a child's development and maintenance of a healthy diet
and involvement in physical activity. The majority of young
children are enrolled in schools providing an optimum environment whose aim is to reinforce healthy eating and physical
activity behaviors. When not in school, experiences in a child
care or home setting continue to shape dietary and physical
activity behaviors. Another crucial factor is the communities
in which children reside as they provide opportunities for
physical activity and access to affordable and healthy foods.
Obese children are more likely to become overweight
in adulthood than healthy‑weight children. This increase in
weight constitutes a health risk later in life when, as adults,
they present with problems such as heart disease, diabetes
(type 2), stroke, various types of cancer and osteoarthritis (5).
In addition, obese children are more likely to have cardiovascular risk factors such as high cholesterol or high blood
pressure, and are more likely to have pre‑diabetes, which
places them at a high risk for developing diabetes later in
life (5). Thus maintaining a healthy diet and involvement in
physical activity are important for preventing obesity and
other diseases.
The dietary and physical activity behaviors of children and
adolescents are affected by communities, schools, child care
settings, faith‑based institutions, government agencies, families, the media, as well as the food and beverage industries. the
impact of the last factor led to the US Better Business Bureau
established the Children's Food and Beverage Advertising
Initiative (5). This initiative is a voluntary self‑regulated
program that includes many of the largest food and beverage
companies in the USA. The purpose of this initiative is to
encourage the choice of following a healthy diet and healthy
lifestyle among children by shifting the types of food and
beverages advertised to children under the age of 12 years.
Schools play an important role in establishing an environment
that supports healthy lifestyle habits. Policies within schools
can be established to encourage healthy eating and regular
physical activity for children. Schools have the opportunity
to both educate students about these behaviors and provide an
opportunity for the practice thereof. In an effort to increase
the number of fruits and vegetables served in schools,
programs such as ‘Let's Move Salad Bars to Schools and the
National Farm to School Network’ have been introduced (6).
In response to the childhood obesity epidemic, the ‘Let's
Move Salad Bars to Schools’ campaign was established by
Michelle Obama, the First Lady of the USA (6). The treatment for childhood obesity depends on the age of the child
and existing medical conditions.
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Treatments for obesity include changes to the diet and level
of physical activity of the child. The purpose of the treatment
for obesity involves weight maintenance as opposed to weight
loss. The growth of children primarily is measured as height,
and not weight, leading to a decrease of BMI per age point, into
a healthier range. However, in the case of obesity, depending
on the health conditions of children, treatment may involve a
multidisciplinary team including the family physician, dietitian, counselor or physical therapist. Specific plans for diet and
physical activity have been developed where general guidance
is ineffective. In most cases, a low‑calorie diet and weight loss
drugs may be administered to control individuals becoming
overweight or exhibiting abdominal obesity.
A review on childhood obesity by Pulgarón has focused
on the increased risk for physical and psychological comorbidities (4). Approximately 43 million children worldwide
are estimated to be encountering a problem of obesity, and
this number is on the increase. An initial search of the terms
obesity and comorbidity yielded >5,000 published articles.
The limits were set to include studies on children and adolescents that were published in journals between 2002 and 2012.
These limits narrowed the search to 938 articles, 79 of
which have been included in the present review. The major
medical comorbidities associated with childhood obesity in
the current literature are metabolic risk factors, asthma, and
dental health quality (6). Major psychological comorbidities
include internalizing and externalizing disorders, attention
deficit hyperactivity disorder, and problems with sleep (6,7).
Notably, some of the results were based on self‑report diagnoses rather than chart reviews or diagnosis by a physician.
The decreased health‑related quality of life as a comorbidity
of obesity in children has also been reported.
Han et al (8) identified an increase in the occurrence
of type 2 diabetes in children, which is believed to be a
consequence of obesity. Progress has been made in understanding the physiology and genetics of appetite control,
which have been useful in determining the causes of some
rare obesity syndromes. Calorie intake and physical activity
or lack thereof should be reassessed and the quantification
improved at a population level since the majority of children
lead a sedentary lifestyle. The current recommended calorie
prescriptions may be too conservative to impact the so‑called
energy gap. The dietary recommendation and daily calorie
intake for healthy children is shown by the American Heart
Association (AHA, May 14, 2015) as follows: Maintain total
fat intake between 30 and 35% of calories for children aged
2‑3 years, and between 25 and 35% of calories for children
and adolescents aged 4‑18 years, with most fats coming
from sources of polyunsaturated and monounsaturated fatty
acids, such as fish, nuts and vegetable oils. Children should
consume sufficient carbohydrates, fruits and vegetables
but not in large amounts. The daily recommended calories
needed for children aged 1 year is 900 cal/day and 1,800
calories for a 14‑ to 18-year-old girl and 2,200 calories for
a 14‑ to 18-year-old boy. The recommended grain intake
ranges from 2 ounces/day for a one-year-old to 7 ounces/day
for a 14‑ to 18-year-old boy. Consumption of low‑fat dairy
products is recommended to maintain a healthy body weight
and height. Children are required to be physically active and
exercise for ≥60 min per day.
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The quality of new research into obesity prevention
and treatment has been markedly improved. However,
high‑quality multicentre trials with long‑term follow‑up
studies are required. Prevention and treatment approaches
to increase energy expenditure and decrease energy intake
should also be performed. Previous findings have suggested
that the increase in the prevalence of childhood obesity may be
abating and increased efforts should be made to further investigate obesity in children (6). A literature review of family in
pediatric obesity management has been performed (6). Obese
children and adolescents are considered at increased risk for
multiple medical comorbidities, as well as psychosocial and
behavioral difficulties (9). Interventions aimed at childhood
obesity include prevention and treatment, which should be
ameliorated in order to become useful and beneficial in the
clinical setting.
The aim of this review was to examine the effectiveness of
family‑based interventions in obese pediatric subjects and to
determine the specific components of family‑based programs
that are of particular significance when treating obese children. In addition, to develop a completely interactive obesity
model, more focus is needed on the specific methods that
can be used in evidence‑based programs. Ebbeling et al
have reported childhood obesity as a public health crisis, and
common sense cure and several complications of childhood
obesity have been described (10).
5. Complications of childhood obesity
Childhood obesity is a multisystem disease with potentially
adverse consequences and several complications that require
the attention of health professionals. Obesity in childhood
causes hypertension, dyslipidemia, chronic inflammation,
increased blood clotting tendency, endothelial dysfunction,
and hyperinsulinemia (11‑15). This clustering can cause
cardiovascular disease risk factors, known as the insulin
resistance syndrome, which has been identified in children
as young as 5 years of age (16). For adolescents and young
adults who succumbed to trauma, the presence of cardiovascular disease risk factors correlated with asymptomatic
coronary atherosclerosis, and lesions were more advanced in
obese individuals (17,18). In a British cohort study (19), being
overweight during childhood increased the risk of death from
ischemic heart disease in adulthood 2‑fold for individuals
>57 years.
Type 2 diabetes, in adolescence, now accounts for almost
50% of all new diagnoses of diabetes in certain populations (20). There is a health concern for prediabetic state,
consisting of glucose intolerance and insulin resistance, which
seems to be highly prevalent among severely obese children
irrespective of ethnic group, and even before formal diagnostic
criteria for diabetes have been met (21). The emergence of
type 2 diabetes in children is a negative development, in view
of the macro‑vascular (heart disease, stroke, limb amputation) and micro‑vascular (kidney failure, blindness) sequelae.
Frequent pulmonary complications include sleep‑disordered
breathing (sleep apnea) (22), asthma (23) and exercise intolerance (24). The development of asthma or exercise intolerance
in an obese child are likely to limit physical activity and cause
health problems.
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6. Convenience foods and obesity
The rise in the consumption of convenience foods by children
and adolescents in many nations has a particular relevance
to the childhood obesity epidemic (10). Convenience foods
incorporate all of the potentially adverse dietary factors,
including saturated and trans fats, a high glycemic index,
high energy density and increasingly large portions of food.
Convenience foods are usually low in fiber, micronutrients
and antioxidants and contain dietary components that affect
risk of heart diseases, cardiovascular events and diabetes
in children. There is an association between the consumption of convenience foods and total energy intake or body
weight in adolescents and adults (25). Adolescent females
who consumed convenience foods four times a week or more
consume ~770‑1095 kJ (~185‑260 kcal) per day more than
those who did not consume such food (25). A large meal of
this type such as that found at the majority of convenience
food outlets, i.e., double cheeseburger, French fries, soft
drink and a dessert, is likely to contain 9,200 kJ (2,200 kcal),
which, at 350 kJ (85 kcal) per mile, would require a full
marathon to eliminate the body fat.
7. Family factors and obesity
Parent‑child interactions and the home environment may
affect behavior associated with risk of obesity. Family life
has changed over the past two decades, with lifestyle habits
tending towards dining out and greater access to various
forms of technology, including television, than previous
years. Owing to larger portions of energy dense foods being
served at restaurants, energy intake is greater when meals are
consumed in restaurants compared to homemade meals (26).
In addition, unlimited access to television has increased the
period spent watching by 38 min per day (27). By contrast,
family meals seem to decrease time spent on television
watching and improve the quality of the diet as less saturated
and trans fat, less fried food, lower glycemic load, more fiber,
fewer sweetened beverages, and more fruits and vegetables
are consumed (28). Moreover, social support from parents and
other community members correlates strongly with participation in physical activity (29). Thus, psychosocial factors are
crucial to dietary and physical activity behaviors that affect
energy balance as children who suffer from neglect, depression, and other associated issues are at an increased risk of
childhood obesity, which eventually may result in overweight
adults.
8. Physical activity and obesity
Williams et al studied the cardiovascular health in childhood obesity and other diseases such as atherosclerosis and
hypertension in young people in the USA (30). Health benefits
were associated with a physically active lifestyle in children,
including a weight control program, physical exercise for
obese individuals, low blood pressure, modest consumption of
fatty foods, and high‑calorie drinks or beverages. Engaging in
physical activity likely increases life expectancy and decreases
the risk of heart diseases in children and younger individuals.
Attaining healthy levels of physical fitness requires a regular

exercise program of 4‑5 times per week for 30‑60 min (30).
Such exercise may include walking, cycling, and sports activities versus sedentary lifestyle activities, which are primarily
technology-oriented. Lack of safe outdoor playgrounds in parks
and schools for children in cities also limits children's ability to
engage in active physical play or recreational sports (30). Thus,
a physical fitness program is essential for the pediatric health
care of children.
9. Prevention and treatment of pediatric obesity
The prevention and treatment of pediatric obesity can be
achieved by less food consumption and increased physical
activity. Of note, however, is that long‑term weight loss and
diet programs have proven exceedingly difficult to achieve.
The National Institutes of Health, USA consensus statement
indicates that the adults who remain in conventional weight
loss programs can realistically expect a maximum weight
loss of only 10% (a small fraction of excess adiposity) (30).
Approximately 50% of this modest weight loss is regained
within a year, and almost all of the weight is regained within
5 years (31). The relative intellectual and psychological immaturity of children compared with adults, and their susceptibility
to peer pressure present additional practical problems to
the successful treatment of childhood obesity. The majority
of efforts to reduce obesity in children have used family‑ or
school‑based approaches, although pharmacological and
surgical treatments are also available (32).
10. Pharmacological and surgical treatment of pediatric
obesity
New research on the elucidation of the physiological basis
of bodyweight regulation, and sequencing of the human
genome have provided an opportunity to develop new
anti‑obesity agents. An increasing number of endogenous
molecules such as leptin, hypothalamic melanocortin 4
receptor, and mitochondrial uncoupling proteins, known to
affect body weight serve as potential targets for the pharmacological manipulation of obesity (33). The majority of
drugs used for the treatment of obesity over the previous
century, from thyroid extract in the 1890s to Fen‑Phen in
the 1990s showed potentially life‑threatening complications.
Drugs do not produce permanent changes in physiology or
behavior, since these are effective provided they are taken,
which raises the specter of life‑long treatment. Sibutramine
and orlistat, which are frequently used for the treatment of
adult obesity, produce modest weight loss ranging from ~3
to 8% compared to placebo (33). Four experimental drugs
have produced weight loss, as identified in small‑scale
studies that involved children with special conditions. These
drugs are, Metformin, used in obese adolescents with insulin
resistance and hyperinsulinemia (34), octreotide, used for
hypothalamic obesity (35), growth hormone in children with
Prader‑Willi syndrome (36), and leptin for congenital leptin
deficiency (37). Bariatric surgery is used for the treatment
of severe obesity in childhood (38). The Roux‑en‑Y gastric
bypass has been reported for significant weight loss (39).
However, serious complications of this procedure can result
in perioperative mortality, wound dehiscence, bowel obstruc-
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tion, gastrointestinal bleeding, cholelithiasis, infection, and
chronic nutritional deficiencies. This approach constitutes a
last resort for the treatment of severely obese adolescents as
emphasized by Strauss et al (39).
In conclusion, the worldwide prevalence of pediatric
obesity has increased several‑fold in recent years. Obese
children develop serious health, medical and psychosocial
complications, and are at an increased risk of adult morbidity
and mortality. The increase in the prevalence and severity
of obesity in children, with its most serious complication,
type 2 diabetes raises the specter of myocardial infarction
which is a pediatric heart disease. This health crisis among
obese children and young adults requires greater attention
and government funding for the research of children diseases.
New dietary, physical activity, behavioral, environmental, and
pharmacological approaches can be used for the prevention
and treatment of pediatric obesity. Improved reimbursement
is required for effective family‑ and school‑based health
programs. Since the obesity epidemic is not caused by inherent
biological defects, the increase in research funding and health
care for the treatment of pediatric obesity may not serve as
a solution to the problem without fundamental measures
to effectively detoxify the environment. In the long term,
financial investment is imperative for the healthy lifestyle of
children and adults in modern society. Obesity and diabetes
are growing challenges in the developing world (40). Changes
in lifestyle that lead to weight loss reduce the incidence of
diabetes and hypertension. Prevention of obesity, diabetes, and
hypertension may require fundamental social and political
changes. Public health initiatives are required to make affordable, healthy foods available, and initiatives in education and
community planning are necessary to encourage and facilitate
exercise on a daily basis. The World Health Organization has
issued objectives for developing countries regarding school
meals and healthy lifestyles. Countries, such as Brazil, China
and India have initiated monitoring programs associated with
obesity and nutrition (41). Since these programs are in their
infancy, the cost of their implementation and effectiveness
remain to be determined. However, the general consensus is
that appropriate and acceptable strategies should be implemented to control pediatric obesity, diabetes and hypertension.
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