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ABSTRACT

In the past few decades, obesity in the pediatric population has dramatically increased
and is common in many countries. Childhood obesity often causes health problems and
increases the risk of cardiometabolic diseases such as type 2 diabetes, nonalcohol fatty
liver, and cardiovascular diseases. Obesity in young people has been closely associated with
environmental, behavioral, and genetic defects, including the availability of high-energy and
sugary food and beverages, sedentary behavior, and hereditary factors. Few drugs are currently
available to treat obesity in children and adolescents because it is difficult to demonstrate the
safety of these drugs on the growth and development of the youth. Lifestyle modifications,
such as diet control and physical exercise, are the primary approaches for preventing and
treating childhood obesity. Among them, physical activity is a crucial component. This review
summarizes the epidemiology, cardiometabolic risk of obesity, therapeutic strategies, and the
benefits of exercise on obesity-related chronic diseases in children and adolescents.
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INTRODUCTION

Different sources cite different age range
numbers for children and adolescents.
“Adolescents” are defined as “individuals
in the 10-19 years age group” by the World
Health Organization (WHO), and the age
range of children is up to 18 years. The
Food and Drug Administration (FDA) and
the US Department of Health and Human
Services (HHS) reference approximate age
ranges for these life stages are as follows:
for “children” “between 2 and 12 years
of age” and for “adolescents” “between
12 and 21 years of age.”” The American
Academy of Pediatrics (AAP) recommends
that young people under the age of 21
can seek pediatric care. Pediatrics covers
patients through the age of 18 in the UK.
Obesity arises from higher energy intake

than energy expenditure, leading to excessive
energy reservoir and energy imbalance.!"
The occurrence of obesity in children and
adolescents is related to various factors,
including overnutrition, sedentary behavior,
insufficient physical activity, genetic heredity,
psychological stress, and the environmental
factors, which cause stunted growth, weight
gain, early atherosclerosis, and obesity-
related cardiometabolic diseases in youth
population.” Pediatric obesity has become
an epidemic globally, and its prevalence is
continually increasing. Data from the WHO
showed that over 340 million children and
adolescents from 5 to 19 years of age globally
were overweight or obese in 2016, while an
estimated 38.2 million children under 5 years
of age were overweight or obese in 2019
wortldwide. The global prevalence of obesity
among children and adolescents of age 5-19
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years was 4% in 1975, whereas it dramatically increased to
over 18% in 2016. Obesity mainly results from overnutrition
in high-income countries. However, obese youth have also
increased dramatically in low- and middle-income counttries.
Almost half of the obese children under the age of 5 were
in Asia in 2019. While in Africa, the number of overweight
children under the age of 5 has increased by nearly 24% since
2000. Children in low- or middle-income countties consume
high-sugar, high-fat, high-salt, energy-dense foods, which are
cheap and have poor nutrient quality, and they are fighting
obesity throughout their lives. Unhealthy dietary patterns
combined with a sedentary lifestyle leads to significant
increases in pediatric obesity, while the undernutrition
problem remains unsolved."” It deserves global attention
to develop cost-effective strategies to intervene the epidemic
of obesity in children and adolescents. Currently, lifestyle
interventions, such as diet control and physical exercise, are
the primary approaches to treat pediatric obesity. Among
them, physical exercise is considered the critical component
in preventing and treating obesity in the young population.
Here, in this review, we mainly summarize the epidemiology
of obesity, cardiometabolic risks in obese youth, therapeutic
strategies, and the benefits of exercise in obesity-related
chronic diseases in children and adolescents.

PEDIATRIC OBESITY AND ITS
ASSESSMENT

With its economic and social development, the modern era
has posed a significant challenge to children and adolescents
concerning obesity throughout their lives, which poses as a
constantly rising health concern that could further augment
global public health concerns in the future.* Obesity
is defined by the WHO as “abnormal or excessive fat
accumulation that may impair health.” Several classification
systems estimate childhood obesity based on the body
mass index (BMI).F! The US Centers for Disease Control
and Prevention (CDC) defines the child’s weight status
using age- and sex-specific BMI percentiles. The BMI of
children between 85th and 94th percentiles on BMI-for-age
growth charts is defined as overweight. Pediatric obesity is
defined as a BMI equal to or over the 95th percentile. BMI
2 120th percentile of the 95th BMI percentile is defined as
severe obesity among children and adolescents.”? Childhood
obesity, especially severe obesity, is strongly associated with
cardiometabolic diseases, such as type 2 diabetes, non-
alcohol fatty liver, and cardiovascular diseases (Figure 1).

ADIPOSE TISSUE, COMPOSITION,
LOCATION, AND FUNCTION

Adipose tissue makes up about 20%—25% of the whole-
body weight in healthy subjects, while the ratio is much
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Figure 1: Childhood obesity is strongly associated with multiple cardiometabolic
diseases.

higher in obese subjects. Adipose tissue is distributed in
different places of the whole body, including subcutaneous
adipose tissue (SAT), visceral adipose tissue (VAT), and
bone marrow adipose tissue. SAT is located beneath the
skin and the underlying muscles of the whole body. VAT
is present in the internal organs of the abdominal cavity,
such as the liver, kidney, intestine, and the petitoneum.!"!
The adipose tissue is of two types—white adipose tissue
and brown adipose tissue. White adipose tissue forms the
majority of the adipose tissue found in the human body
that stores excessive energy. White adipose tissue comprises
white adipocytes, the most abundant adipocytes in the
human body, and beige/brite adipocytes. Brown adipose
tissue is primarily present in fetal life and newborns and is
composed of brown adipocytes. Brown adipose contains
more mitochondria than white adipose and can produce
heatin cold conditions. Brown adipose tissue is considered
a negative indicator of BMI in adults, especially in older
people.l'!

Besides adipocytes, adipose tissue contains several other
cell types, including fibroblasts, fibroblastic pre-adipocytes,
endothelial cells, and immune cells. Now, adipose tissue
is recognized as not just an inert tissue for fat storage,
but an active organ that regulates various physiological
and pathological processes.'”? Adipocytes can produce
and release multiple adipokines into circulation, including
leptin, adipsin, resistin, adiponectin, and visfatin,
which play critical roles in regulating insulin sensitivity,
inflammation, immunity, food intake, and vascular sclerosis.
Adipocyte enlargement, macrophage infiltration, and
increased release of multiple adipokines were observed
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in the adipose tissue of obese subjects. The two most
studied adipokines in children and adults are leptin and
adiponectin. Hypetleptinemia and hypoadiponectinemia
were more prevalent in obese individuals compared to
normal individuals. Circulating leptin levels were inversely
correlated with insulin sensitivity, while adiponectin
increased insulin sensitivity by stimulating glucose uptake
and fatty acid oxidation in the skeletal muscle."”!

CARDIOMETABOLIC RISK IN
PEDIATRIC OBESITY

Genetic defects-related early-onset pediatric obesity may
result in complex genetic syndromes, including Prader—
Willi syndrome (PWS), Bardet—Biedl syndrome (BBS),
and Alstrom syndrome.!" However, not all childhood
obesity will develop cardiometabolic diseases—a lot of
children and adolescents with obesity exhibit standard
metabolic profiles and are nonsyndromic in early life.
One hypothesis to explain this paradox is that fat in the
whole body is not the culprit for the adverse metabolic
profile.*"”) Obese adolescents with a high ratio of VAT
to SAT were found to have large and small adipocytes
coexist, with essential adipogenic genes downregulated
and inflammation featured by macrophage infiltration
enhanced.! Consistently, it has been demonstrated that
the risks of increased intra-abdominal fat depots (visceral
or central obesity) are far more significant than the risks
of subcutaneous accumulation of excess fat (peripheral
obesity). Thus, visceral or central obesity, but not peripheral
obesity, and excessive fat accumulation in non-adipose
tissues such as skeletal muscles and liver are recognized
as the determinants of cardiometabolic diseases.!'!”
However, how pediatric obesity impairs health remains to
be elucidated.

Studies have shown that the adverse effects of excessive
fat accumulation include inflammation, oxidative stress,
hypertension, insulin resistance, and endothelial dysfunction
(Figure 2), which cause disruption of energy balance and
metabolic disturbance, cellular and tissue stress and
dysfunction, and musculoskeletal disorders induced by fat
mass pressute ovetload."!

In recent years, obesity has been recognized as a systemic
and subclinical inflammatory state. Extra nutrients in
the body trigger hyperplasia of adipose tissues and
hypertrophy of adipocytes. The blood supply cannot
match the progressive enlargement of adipose tissue. It
causes hypoxia, which is considered an inciting etiology of
oxidative damage, macrophage infiltration, overproduction
of proinflammatory factors, proliferation of blood vessels
and connective tissues, and necrosis of adipose tissue."’!
Immune cells and adipocytes release several cytokines and
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Figure 2: Cardiometabolic risk in obese youth.

adipokines in obese subjects. Among them, interleukin
(IL)-6, tumor necrosis factor-alpha (TNF-«), 1L-18,
C-reactive protein (CRP), leptin, and resistin are recognized
as proinflaimmatory markers. In contrast, adiponectin is
recognized as an anti-inflammatory marker.

Inflammation and oxidative stress are strongly related to
obesity.?"' The presence of excess adipose tissue, especially
white fat, activates monocytes and macrophages and
induces the production and release of proinflammatory
cytokines. Activated immune cells promote the production
of reactive oxygen species (ROS), which, in turn,
increase abnormal production of inflammatory factors
and adipokines that promote inflammation. Reduced
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase (NOX), especially NOX4, is the primary enzyme
that synthesizes ROS in adipocytes.” The antioxidant
system is also impaired in obese subjects, which aggravates
their susceptibility to oxidative damage. Higher free
fatty acid (FFA) levels trigger oxidative damage in obese
individuals, which results in mitochondrial oxidation,
free radical synthesis, high rate of lipid peroxidation, and
impaired glucose metabolism.”! A source of bioactive
adipokines, such as leptin, resistin, and adiponectin, has
also been implicated in oxidative stress. Leptin has been
found to promote oxidative stress and inflammation, while
adiponectin shows high anti-inflammatory function and
inhibits ROS release induced by the low-density lipoprotein
(LDL)."!

Historically, childhood hypertension is rare; however, along
with the increasing incidence of childhood obesity in the last
few decades, the prevalence of primary hypertension in the
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young population has also correspondingly increased. As a
result, the relationship between obesity and hypertension
in children and adults has become well established.
However, the underlying mechanism of obesity-induced
arterial hypertension is still under investigation.***! It
is demonstrated that the activation of the sympathetic
nervous system, the renin—angiotensin system, and sodium
retention contribute to the development of the obesity-
associated hypertension.”**"

Insulin plays a vital role in reducing blood sugar levels by
promoting liver, muscle, and fat cells to utilize circular
glucose as fuel and inhibiting glucose production in the
liver, intestine, and kidney. Obese youth with altered
lipid partitioning and ectopic fat storage show a high
prevalence of insulin resistance syndrome by exhibiting
altered glucose metabolism and the presence of adverse
cardiovascular biomarkers including elevated triglyceride
(TG) concentrations, increased oxidized LDL cholesterol
small particles, elevated blood pressure, high chronic
inflammation, and reduced high-density lipoprotein
(HDL) cholesterol and reduced adiponectin levels.**!
Insulin resistance occurs due to insulin insensitivity of
insulin-responsive tissue, thus leading to a compensatory
increase in insulin levels to conquer the high levels
of blood glucose. Insulin resistance is considered an
important predictive factor of prediabetes and normally
exists many yeats before type 2 diabetes.” Obesity is
strongly associated with insulin resistance. However, the
molecular mechanism of insulin resistance is still not fully
understood. Inflammation, mitochondrion dysfunction,
oxidative stress, and lipid toxicity might be the major
causes of insulin resistance. Low-grade inflammation in
obesity impairs the insulin signaling pathway by several
mechanisms, including inhibition of insulin receptor
and insulin receptor substrate-1 (IRS-1), prevention of
peroxisome proliferator-activated receptor y (PPARy)
activity, increasing plasma FFA through blocking TG
synthesis, and stimulation of lipolysis.’"?'! Mitochondtion
dysfunction influences the metabolism and oxidation
of glucose and fatty acid, increasing FFA accumulation,
disturbing adenosine 5-monophosphate (AMP)-activated
protein kinase (AMPK) activity, and decreasing insulin
sensitivity."” Whether hyperinsulinemia is the cause of
insulin resistance or the result of insulin insensitivity is
still a strong argument point.”” Indeed, hyperinsulinemia
could induce insulin resistance. Hyperinsulinemia results
either from an overproduction of insulin or a reduction
of insulin clearance.’ Increasing numbers of § cells and
functions are found in obesity during weight gain, which
is related to excessive fatty acids or glucose stimulation.
A high insulin level leads to hyperinsulinemia and
inhibited IRS-1/2 function due to the negative feedback
loop of the insulin signaling pathway and causes insulin

resistance. The liver and kidney are responsible for glucose
production and insulin clearance, which plays a vital role in
maintaining the blood glucose. Insulin degradation relies
on the activity of insulin receptors and insulin-degrading
enzymes, and the deficiency of these two genes will lead
to hyperinsulinemia.’ Hypoxia induces inflammation
and oxidative stress in obesity, promoting insulin resistance
through inhibiting insulin signal transduction. Dyslipidemia
caused by lipid toxicity is another risk factor for insulin resistance.

Endothelial dysfunction is one of the earliest vascular
alterations observed in obesity, which results from
inflammation and oxidative stress in adipose tissues.P’)
The adverse effects of obesity trigger endothelial cells to
undergo transition to a pro-atherosclerotic phenotype and
alter endothelial nitric oxide synthase (eNOS) and arginase
activities, resulting in lower nitric oxide (NO) bioavailability.
Damaged vasculature, in turn, exacerbates ROS and the
release of proinflammatory mediators in favor of further

development of vascular atherosclerosis.

PEDIATRIC OBESITY-RELATED TYPE
2 DIABETES

Type 2 diabetes is strongly correlated with childhood
obesity.”*" In parallel to the increasing number of obese
youth, the prevalence of prediabetes and type 2 diabetes
in children and adolescents has increased significantly in
the past few decades.” A retrospective cohort study (from
1994 to 2013) of the association of BMI with type 1 and
type 2 diabetes events in youth aged less than 15 years
was performed. This study found that type 1 diabetes and
type 2 diabetes increased in both sexes and ages among
children and adolescents in the UK. The incidence of
type 2 diabetes in obese individuals (about one-half of
total cases) was four times higher than in those with
normal BMI. No linear association was found between
the incidence of type 1 diabetes and childhood BMIL.*
Another longitudinal study chose 3,107 child participants
divided into three groups, pre-adolescence (from birth to
8 years old), eatly adolescence (from 8 to 13 years old),
and late adolescence (from 13 to 18 years old), to track the
relationship of childhood obesity with type 2 diabetes risks
and found that in all growth periods, higher weight and
increased speed of weight gain are strongly associated with
a higher incidence of type 2 diabetes. Significantly, higher
weight and accelerated weight velocity of pre-adolescence
jointly correlated with the highest prevalence of type 2
diabetes.!! In a historic longitudinal retrospective cohort
study, 269,913 schoolchildren of 10 years of age with
21,896 established type 2 diabetes in adults and 261,192
schoolchildren of 13 years of age with 21,530 for type 2
diabetes incidence in adulthood were analyzed. It was found
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that the association of fat mass with type 2 diabetes is much
stronger than weight after adjusting for childhood height,
suggesting that body fat mass index is a more pronounced
predictor for type 2 diabetes than body weight index.[**

PEDIATRIC OBESITY-RELATED
NONALCOHOLIC FATTY LIVER
DISEASE

The incidence of nonalcoholic fatty liver disease (NAFLD)
in obese adolescents is about 38%, which is characterized
by fat accumulation in the liver.[) The degree of NAFLD
is classified according to the existence of inflammation,
fibrosis, and cirrhosis.*"! The prevalence of NAFLD in
obese youth increases with BMI. NAFLD increases the
risk of cardiometabolic complications, including insulin
resistance, type 2 diabetes, and dyslipidemia. However,
some studies suggest that childhood obesity-related
insulin resistance precedes the development of NAFLD.
145461 Pediatric obesity-induced fat accumulation in the
liver leads to glucose and lipid metabolism imbalance,
possibly due to insulin resistance.”) A total of 503 obese
adolescents, including 191 whites, 134 blacks, and 178
Hispanics, were recruited in a prospective cohort study
to evaluate the association of clinical and genetic features
with pediatric NAFLD. This study found that weight gain
and high fasting C-peptide levels were the risk factors
for NAFLD in white or Hispanic ethnicity. In contrast,
black obese adolescents were relatively resistant to liver
steatosis, but were more affected by deleterious glucose
metabolism. Moreover, higher insulin levels were found in
those developing NAFLD than in those without NAFLD.*‘!
Another longitudinal cohort study in obese adolescent
girls found that a significant determinant of unfavorable
alterations in glucose and lipid metabolism is a high ratio of
VAT to total SAT and VAT (high VAT /[VAT + SAT]). The
underlying mechanism of development of fatty liver and
related metabolic disorders may not be due to decreased
capacity of TG deposition or adipocyte proliferation.
Still, it may result from an increased turnover of mature
adipocytes and TGs in both abdominal and gluteal SAT.I*"

PEDIATRIC OBESITY-RELATED
CARDIOVASCULAR DISEASES

Cardiovascular diseases are the leading causes of global
death. Childhood obesity has become a global epidemic,
significantly increasing their risk for cardiovascular disease,
a group of heart and blood vessel disorders, including
coronary artery diseases, arrhythmias, congenital heart
defects, cardiomyopathy, peripheral vascular diseases, heart
failure, and stroke.* Atherosclerosis is the leading cause of
cardiovascular diseases. The development of atherosclerosis

has been demonstrated to begin in childhood. Studies have
found that childhood obesity is associated with the eatlier
appearance of atherosclerotic lesions.!"* In obese youth,
the occurrence of arteriosclerosis is accelerated due to
excessive fat accumulation. For most children, the progress
of atherosclerosis is relatively slow and asymptomatic, but
in some children, atherosclerosis develops rapidly and is
caused by the same risk factors as adults.

A cohortstudy in Spain enrolled 212 children and adolescents
aged 6—17 years and divided them into three groups:
average weight (7 = 100), overweight (7 = 57), and obesity
(n = 9). All these subjects performed echocardiography
to assess cardiac morphology and function. Compared
to average weight, larger left ventricular mass, greater left
ventricular end-diastolic/systolic volumes, and smaller
ejection fraction were found in overweight and obesity.
Although not clinically pathological, alterations in cardiac
structure and function in obese youth are unfavorable
incipient alterations and risk factors.*) Another 30-year
longitudinal and cross-sectional study investigated the
risk of cardiovascular disease events among adolescents
with different BMI values and grouped the study subjects
as follows: average weight (7 = 247), overweight (z = 54),
obesity (7 = 131), severe obesity without metabolic and
bariatric surgery (# = 302), and severe obesity receiving
metabolic and bariatric surgery (7 = 215). A higher risk for
cardiovascular disease events was found in adolescents with
severe obesity, and after metabolic and bariatric surgery,
the risk was significantly reduced.’” A comparison study
was performed on 6328 subjects with high adiposity or
normal BMI from childhood to adulthood. An increased
risk of type 2 diabetes, hypertension, higher levels of LDL
cholesterol and TG, reduced levels of HDIL. cholesterol,
and increased intima—media thickness of the carotid artery
atherosclerosis were found in obese compared with normal
BMI subjects. The risks of these outcomes were reduced
when obese youth became nonobese adults, suggesting the
importance of weight loss in obese children.’" Weight
loss reduces ectopic lipid deposition in the body, including
in the liver and muscle, increases insulin sensitivity,
and is expected to reverse the risk factors of obesity-
related cardiovascular diseases. Clinical trials of dietary
modifications, physical activity, and home-directed therapy
have shown that weight loss or maintaining a stable level
of weight significantly improves metabolism. )

TREATING PEDIATRIC OBESITY

Overweight and obesity, as well as their related concomitant
diseases, are harmful, but are also preventable. It is highly
needed to intervene in the increasing pediatric obesity
in time and reduce the global burden of obesity-related
chronic diseases.”” The purpose of the treatment of
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pediatric obesity is to reduce body fat mass, reduce the
development of physical and psychosocial complications,
and prevent the development of cardiometabolic
diseases.”? Treatment choice typically depends on the
severity of obesity in children and adolescents, their
age, family conditions, clinical competency, and health-
care system.” Treatment of obesity integrates many
components, including exercise therapy, diet control
therapy, psychological therapy, medication, and surgery.
Effective therapies primarily rely on the parents for young
children, while for adolescents, a more significant degree
of self-management may be required.

Pharmacotherapy is quite limited, and few validated drugs
are currently available to treat obese youth in clinical practice
due to safety concerns of such drugs in their growth and
development.”¥ Among the limited medications in clinical
settings, liraglutide is one drug approved by both US FDA
and BEuropean Medicines Agency for treating chronic
obesity in adolescents between 12 and 18 years of age.
Liraglutide is the agonist of the glucagon-like peptide-
1(GLP-1) receptor. It is given by subcutaneous injection,
and it induces weight loss by reducing appetite and gastric
motility and enhancing satiety through binding its receptor
in the hypothalamus.” In a randomized, double-blind
clinical trial, 251 adolescents aged 12-18 years were
recruited to test the effect of liraglutide on obesity.”" In
addition to lifestyle therapy, 125 participants were given
3 mg liraglutide, and the others were given a placebo
subcutaneously once daily. The liraglutide group showed
significant reduction in BMI and body weight; however,
it showed even stronger gastrointestinal adverse effects
than the placebo group. Considerable improvements in
cardiometabolic risk factors were not observed between the
liraglutide and placebo groups. Several other medications
have been evaluated or are under evaluation in clinical
trials, including otlistat,”” topiramate,¥ metformin, />
phentermine,®” and semaglutide.!! To evaluate the efficacy
and safety of otlistat for the treatment of pediatric obesity,
539 obese adolescents aged 12—16 years were enrolled in a
randomized, double-blind study; 357 subjects were given
orlistat and 182 subjects were given placebo three times
daily for 1 year, combined with diet, exercise, and behavior
therapy. At the end of the study, BMI, body fat mass,
and waist circumference decreased in the orlistat group
without inducing major safety problems. However, mild
to moderate gastrointestinal adverse effects occurred.P”
To assess the efficacy and safety of topiramate in BMI
reduction, adolescents aged 12—18 years with severe obesity
were recruited to a randomized and double-blind clinical
trial. Participants were first treated with 4 weeks of meal
therapy and then 24 weeks of topiramate or placebo. At the
end of this pilot study, BMI was not significantly reduced,
but visceral fat and very low-density lipoprotein cholesterol

were decreased in the topiramate group.’® The effect and
safety of metformin in weight management in obese youth
have been evaluated in many clinical settings. BMI, body
weight, waist circumference, and body fat mass were found
to be significantly decreased following the administration
of metformin.’”% Phentermine is widely used to treat
adulthood obesity, but little is known about its effect on
childhood obesity. A retrospective chart review of obesity
in adolescents was conducted to examine the effects of
phentermine on weight loss in the young population,
combined with standard of care (SOC) life modification
therapy. Compared to sole SOC therapy, phentermine
combined SOC therapy may promote weight loss in obese
adolescents with higher efficiency.l"’)

Compared to other types of therapy, metabolic and
bariatric surgery is considered the most effective and
durable strategy for treating obesity in both adulthood and
childhood. Approximately 25%—-40% BMI reduction is
found in obesity 3-9 years after Roux-en-Y gastric bypass
or vertical sleeve gastrectomy surgery. Cardiometabolic
health and weight-related quality of life are also improved
post-surgery.[” ! However, the use of batiatric surgery to
treat obese youth is minimal. Only severe forms of obesity
combined with cardiometabolic complications are reserved
for surgical procedures due to the worrisome long-term
safety, invasiveness, and irreversibility of side effects of the
surgery on the growth and development of obese youth.

Among different therapies for obesity, healthy dietary
patterns and regular physical exercise are the primary
strategies to prevent and treat childhood obesity. Helping
children develop good habits of physical exercise and
eating a healthy diet is very important to prevent them
from becoming obese.***”l The imbalance between energy
intake and consumption in children and adolescents leads
to excessive energy storage and weight gain. The less time
children and adolescents exercise, the more significant is
the increase in body fat mass. To maintain a healthy weight
in the young population, physical activity is considered a
much better strategy than the dietary restriction method.P!
First, children and adolescents are in a period of exuberant
physical growth. Limiting energy intake may cause
malnutrition and adverse effects on their health. Second,
research shows that when reducing the energy intake, the
body changes to slow the metabolism and burns less energy,
rather than promoting body weight loss. On the opposite,
physical exercise enhances the metabolism, induces fat
mass loss by increasing fat oxidation, and makes the body
resistant to weight gain.®! Regular physical activity by
children and adolescents could help them lose weight, get
in good shape, and relieve tension and pressure.l’”” Thus,
physical exercise is considered the critical component in
preventing and treating obesity in the young population.
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BENEFICIAL EFFECTS OF PHYSICAL
ACTIVITY ON PEDIATRIC OBESITY-
RELATED CARDIOMETABOLIC
DISEASE

Numerous studies have evaluated the protective effects
of physical exercise in obese youth (Figure 3). Physical
exercise has multiple beneficial effects on health promotion
and treatment of diseases. Regular exercise could improve
energy metabolism, strengthen the function of various
organs, including the heart, blood vessels, lung, brain, bone,
and muscle, improve cardiovascular disease risk profile,
reduce cardiovascular events, and decrease hospitalization
of patients with obesity-related diseases.""™ There atre
two significant types of exercise, aerobic exercise and
resistance exercise. Aerobic exercise induces multiple
beneficial effects, including improvement in maximal
oxygen consumption (VO,max) and cardiorespiratory
fitness without significantly affecting the muscle strength.!
In contrast, resistance exercise induces neuromuscular
adaptation and results in muscle strength improvement, but
has little effect on cardiorespiratory fitness. Both aerobic
exercise and resistance exercise could improve blood
pressure and reduce fasting glucose levels, LDL levels,
and TGs in obese youth. Most studies on physical activity
in children and adolescents with obesity have focused on
aerobic exercises, such as running and cycling, primarily
to increase energy expenditure. However, studies found
that a combination of aerobic exercise and resistance
exercise in treating obesity improved both cardiorespiratory
fitness and life quality in patients with obesity-related
cardiometabolic diseases.["]

Numerous clinical studies examined the effect of exercise
therapy alone or combined lifestyle intervention therapies,
including excise therapy, nutrition limitation, and surgical
procedures. A total of 109 children with a mean age of
11 years were enrolled in a clinical study to assess 5 weeks
of exercise training. They were divided into four groups:
moderate-intensity continuous training (MICT) group,
high-intensity interval training (HIIT) group, combined
MICT and HIT group, and no training group. Compared to
the no training group, the MICT, HIT, and combined MICT
and HIT groups exhibited better cardiometabolic health,
including improved resting heart rate, fasting glucose, peak
oxygen consumption, and C-reactive protein. Compared to
the HIT or MICT groups, the combined MITC and HIT
group showed reduced waist circumference and waist-to-
hip ratio.” One hundred adolescents aged 11-17 years with
overweight or obesity were recruited to assess the protective
effects of physical education in reducing liver fat mass
and improving cardiometabolic profiles in school settings.
They were assigned to different forms and duration of

|
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Figure 3: The protective effects of physical activity against childhood
cardiometabolic diseases caused by pediatric obesity. HDL: high-density
lipoprotein; LDL: low-density lipoprotein.

physical education to elucidate the links between physical
education and the hepatic and adipose metabolism.™
Obese subjects (7 = 67) aged 12—16 were randomly assigned
to 6 months of exercise training or non-exercise control
group to assess the effects of exercise on endothelial
integrity and cardiovascular risk. Compared to the control
group, exercise training was found to restore endothelial
function, reduce carotid intima—media thickness and
early atherosclerotic lesions, and improve cardiovascular
profiles, which included causing a significant reduction in
blood pressure, insulin resistance, TG level, LDI. to HDL
ratio, C-reactive protein, and body weight.” Children aged
7—16 years with obesity were enrolled in a clinical study
to elucidate whether 12 weeks of HIIT exhibited higher
efficiency than MICT or nutrition restriction in improving
cardiorespiratory fitness and mitigating cardiometabolic
risk. This study found that 12 weeks of HIIT exerted
beneficial effects on cardiorespiratory fitness, but had no
impact on abdominal and total body fat mass and blood
biomarkers.””! However, high-intensity intermittent exercise
has been shown in other studies to have protective effects
on a variety of risk factors associated with obesity-related
cardiometabolic diseases.l"” To assess the impact of 1-year
physical exercise combined lifestyle program on the
anthropometric and metabolic profile and glycemic pattern
in pediatric obesity, 142 overweight or obese subjects aged
7—18 years were recruited and 115 participants completed
this clinical study. This study showed that BMI, waist-to-
height ratio, waist circumference, and body fat mass were
significantly reduced. Metabolic risk markers, including
mean glucose levels, HbAlc, and FFA levels, improved
considerably.™

CONCLUSION

Pediatric obesity is strongly associated with different types
of chronic diseases that threaten the health and life quality
of obese youth. There are several strategies to prevent and

242 JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / JUL-SEP 2022 / VOL 10 / ISSUE 3



Gao et al.: Physical activity and cardiometabolic diseases in obese children and adolescents

treat obesity in the young, such as dietary intervention,
drugs, and surgery. Currently, treating pediatric obesity is
neither cost-effective in clinical practice nor has shown very
encouraging results. Therefore, novel practical strategies for
preventing and treating obesity in children and adolescents
are highly required.

Evidence from multiple clinical trials supports that exercise
training could reduce the risk factors and exert therapeutic
effects nearly without side effects in preventing and treating
various cardiometabolic diseases. Exercise training has
direct and indirect protective impacts on multiple organs
relying on cell adaptation and interorgan interactions
mediated by nearby and remote signal transduction.

Young people and adults generally lack exercise in today’s
life; some people cannot even exercise. Although physical
inactivity has been considered the fourth highest risk factor
for global morbidity and mortality, sedentary behavior has
no such claim. However, nowadays, sedentary behavior with
low energy expenditure, such as reading, playing computer
games, watching videos, and conducting a longitudinal
study, occupies a large portion of the daily life of the young
population and contributes to their poor health condition.
Besides, the lifestyle behaviors of young population and
adults have been changed a lot by the global pandemic of
coronavirus disease 2019 (COVID-19). To contain and
mitigate the spread of COVID-19, children and adolescents
were deprived of school activities and confined at home,
with online classes for many hours without sufficient
physical activities, which has adverse effects on pediatric
health.™ A longitudinal study was conducted in Italy to
evaluate the effects of the COVID-19 pandemic on the
lifestyle behaviors of children and adolescents during a
non-school lockdown period. Findings from this study
showed that sleep time of these subjects significantly
increased, time spent in sports activities significantly
decreased, and high-energy food intake, such as potato
chips and sugary drinks, increased significantly, indicating
that the COVID-19 pandemic lockdown may have a lasting
impact on adiposity level among children and adolescents.™!
A systematic review and meta-analysis was conducted to
investigate the effects of COVID-19 pandemic lockdown
on body weight in children and adolescents. This meat-
analysis showed that the body weight and BMI of the
pediatric population increased significantly during school
closures due to the COVID-19 pandemic.'!! Currently,
not only obese youth, but also children and adolescents
with normal BMI are encouraged to spend more time
performing physical activity. Childhood is a critical period
in contributing to one’s lifelong health conditions and
a crucial stage wherein one could be trained to develop
good physical exercise habits and prevent obesity and
cardiometabolic diseases.

Moreover, as children and adolescents spend much time
at school, schools should assume a leadership role in
promoting positive, healthy behaviors in the youth and
ensuring adequate physical activity each day. Furthermore,
it is essential to elucidate the mechanism and critical
sensors that mediate the beneficial effects of exercise on
cardiometabolic diseases in obese children and adolescents.
The critical exercise sensors could be used as novel drug
targets and to develop novel therapeutic strategies for
preventing and treating obesity-related chronic diseases.
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