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Abstract
Childhood obesity is one of the biggest public health challenges globally. It
is associated with various adverse health consequences throughout life.
Prevention and early intervention represent the most reasonable and cost‐
effective approaches. Considerable progress has been achieved in the
management of obesity in children and adolescents; yet, implementation in
the real world remains a challenge. This article aimed to present an overview
of the diagnosis and management of obesity in children and adolescents.
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Key points
• Childhood obesity is one of the biggest public health challenges globally. It
is associated with various adverse health consequences throughout life.

• The diagnosis of childhood obesity is different from the diagnosis of
obesity in adults, and the definition of obesity should be based on age‐ and
sex‐specific cutoffs.

• Obesity in children is mostly due to prolonged positive energy balance with
no underlying pathological cause. However, it is important to identify those
with pathological or genetic causes of obesity, as the treatment strategies
are different.

• While lifestyle and behavior modifications with dietary changes, increased
physical activity, and adequate sleep are integral parts of obesity manage-
ment, the efficacy and sustainability are limited. With emerging evidence on
new pharmacological agents, metabolic and bariatric surgery, and fecal
microbiota transplant recently, it is hoped that the management of obesity in
children and adolescents could be improved in the future.

1 | INTRODUCTION

Childhood obesity is one of the biggest public health
challenges worldwide. Globally, the age‐standardized
prevalence of obesity in children and adolescents aged
5–19 years has increased dramatically in the past four
decades: from 4% in 1975 to over 18% in 2016.1,2 With
the recent COVID‐19 pandemic and the associated

national policies with school closures, lockdowns, and
lack of physical activities, the prevalence of childhood
obesity has further increased in many parts of the
world.3,4 Since obesity is associated with various adverse
health consequences throughout life, including type 2
diabetes (T2D), dyslipidemia, and cardiovascular dis-
eases, prevention and early intervention represent the
most reasonable and cost‐effective approaches.5
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Childhood obesity has been shown to remain
through adulthood with a low rate of spontaneous
remission, especially for severely obese children.6–8 The
cumulative effect of increased adiposity spans through
the life course, and it has been shown in large birth
cohorts that childhood obesity is associated with
impaired glucose metabolism and increased carotid
intima‐media thickness in adulthood8,9 On the other
hand, it has been shown in large‐scale longitudinal
studies that adverse effects of childhood obesity on
future risk of T2D could be reversed with normalization
of body mass index (BMI) before adulthood.8,10 As a
result, vigorous management of childhood obesity
should be the logical upstream approach to prevent
obesity‐related adverse health outcomes in adulthood.

With this background, this article aimed to present
an overview of the diagnosis and management of obesity
in children and adolescents. In this review, childhood
obesity is defined as BMI ≥ 95th percentile for sex and
age among children aged less than 19 years.

2 | MECHANISMS AND
PATHOPHYSIOLOGY OF OBESITY
IN CHILDREN AND ADOLESCENTS

The fundamental cause of obesity is a chronically
positive energy balance between calories consumed
and calories expended, which leads to increased
adiposity. Genetics, obesogenic environments, and
socioeconomic factors also contribute to the develop-
ment of obesity. Adipose tissue, as an endocrine organ,
is metabolically active and can produce various adipo-
kines and hormones, like, leptin and adiponectin.11

Adipose tissue is located in multiple sites of our body.
Among all the sites, visceral fat is most metabolically
active and, if present in excess, could result in increased
insulin resistance, T2D, dyslipidemia, and hypertension
through the release of free fatty acids and various
inflammatory adipokines.12,13 Therefore, the manage-
ment strategy for childhood obesity should focus on
combating the chronically positive energy imbalance
and decreasing visceral adiposity.

In addition to a chronically positive energy
imbalance, other mechanisms also contribute to child-
hood obesity. Maternal gestational diabetes has been
shown to be associated with childhood obesity in the
offspring.14 This could be partly attributed to shared
genetics and shared family lifestyles and environments,
but also fetal programming. In utero exposure to
maternal hyperglycemia could result in fetal hyperinsu-
linemia, which, in turn, predisposes children to devel-
opment of increased adiposity, insulin resistance, and
impaired glucose tolerance.15 Therefore, prevention of
gestational diabetes and maternal obesity, preferably
starting from preconception, is another important
strategy to prevent childhood obesity.16 At the same

time, there is evidence to show that breastfeeding could
help in protecting against adverse fat partitioning
and higher triglyceride concentrations among children
exposed to maternal hyperglycemia in utero.17 Hence,
promotion of breastfeeding for this at‐risk group might
modify the risk of development of childhood obesity.

Besides fetal programming during pregnancy, the
transgenerational effects of parental nutritional status in
early life on the offspring should not be undermined. In
a recent longitudinal study, it has been shown that
maternal exposure to famine in early life was associated
with obesity in their children. This highlights the
developmental origins of chronic diseases, in which
there is a critical developmental window, when nutri-
tional deficiency could adversely affect the development
of diseases in later life and also in their offspring.18

On the other hand, sleep deprivation has been shown
to be associated with obesity in children.19,20 The
phenomenon may be related to dysregulated secretion
of insulin and various appetite‐related hormones, for
example, ghrelin and leptin.21 In addition, there are also
psychological determinants of childhood obesity, and
chronic stress and alterations in cortisol secretion
might also play a major role in the development and
maintenance of excessive body weight. Factors including
the parent–child relationship, specific family dynamics,
and certain body image distortions have all been
described to contribute to the maintenance of obesity.22,23

Understanding the underlying pathophysiology in
childhood obesity could provide clues on the most
effective strategies to prevent and combat the problem.

3 | DIAGNOSIS OF OBESITY IN
CHILDREN AND ADOLESCENTS

Since both height and body composition are constantly
changing in children and adolescents, the definition of
obesity should be based on age‐ and sex‐specific cutoffs.
In the past, different definitions based on weight for
height and skinfold thickness had been used. In recent
years, sex‐ and age‐specific weight for height or BMI
percentiles have been widely used to define childhood
obesity. However, there is still a lack of a global standard
definition of obesity in children. The Centers for Disease
Control and Prevention and the Endocrine Society
defined obesity as a BMI of ≥95th percentile for age
and sex,24,25 while the World Health Organization
(WHO) defined obesity using the weight‐for‐height
centile—for children under the age of 5 years, obesity
is defined as weight for height ≥3 standard deviations
above the WHO Child Growth Standards median and for
children aged 5–19 years, obesity is defined as ≥2
standard deviations above the WHO Growth Reference
median.26 On the other hand, the International Obesity
Task Force developed cutoff values of BMI by age and
sex that passed the adult cutoff values of BMI 25.0
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(overweight), 30.0 (obesity), and 18.5, 17.0, and 16.0
(thinness grades 1, 2, and 3) at age 18 years. These are
based on the BMI data from six countries, namely, the
United Kingdom, the United States, the Netherlands,
Brazil, Singapore, and Hong Kong of China. The curves
were then averaged across countries by age to construct
sex‐specific curves for each cutoff. The cutoff for obesity
is based on the country‐averaged centile corresponding
to the BMI of 30.0 (99.6th centile) at age 18 years.27

4 | CLINICAL ASSESSMENT AND
DIFFERENTIAL DIAGNOSIS ON THE
UNDERLYING ETIOLOGY OF
CHILDHOOD OBESITY

A detailed assessment of history and physical examina-
tion are needed to assess the cause of obesity, its related
comorbidities, and future risk of complications. A
thorough assessment of the history of perinatal course,
diet, exercise, screen time, sleeping habits, and psycho-
social history should also be performed to facilitate
subsequent discussion on lifestyle modifications. These
are summarized in Table 1.

Obesity in children is mostly due to prolonged
positive energy balance with no underlying pathological
cause. However, it is important to identify those with
pathological or genetic causes of obesity, as the treatment
strategies are different.

One of the key features of endocrine obesity,
including hypothyroidism or Cushing syndrome, is
stunted height velocity. In other words, a normal or even
increased height velocity usually excludes endocrine
causes of obesity.24 One exception is pseudohypopar-
athyroidism, which could be associated with increased
height velocity in early childhood, followed by subse-
quent stunted height gain and hence short stature at or
after the pubertal phase. Therefore, it is generally not
recommended to investigate for endocrine cause of
obesity unless the child has stunted growth against the
background of obesity or ongoing weight gain.

Genetic obesity syndromes are typically associated
with extreme early onset of obesity (<5 years), extreme
hyperphagia, developmental delay, unique dysmorphism
(e.g., characteristic faces in Prader Willi syndrome;
syndactyly, brachydactyly, or polydactyly in Bardet–Biedl
syndrome [BBS]), or sometimes, visual problems (e.g.,
retinal dystrophy in BBS, Alstrom syndrome, and TUB
deficiency) or hearing impairment (e.g., TUB deficiency).28

If these clinical features are present, referral to geneticists
should be initiated.

Hypothalamic obesity occurs after insult to the
medial hypothalamic region, which is critical for satiety
regulation and energy balance through neural and
humoral connections. It is mostly observed in patients
with a history of craniopharyngioma, and sometimes,
suprasellar tumors, trauma, or surgical procedures at

TABLE 1 Key elements on assessment of history and physical
examination in children and adolescents with obesity.

History

General history

‐Gestation and birth weight

‐History of gestational diabetes

‐Past medical history (history of developmental delay,
visual, or hearing impairment might be hints of an
underlying genetic obesity syndrome) and history of
drug use

Growth history

‐Onset of obesity and potential triggering factors identified by
parents or child

‐Previous growth parameters, height velocity, and pubertal history

Complication screening

‐Specific symptoms

Polyuria, polydipsia, and nocturia

Hip and knee pain

Snoring, daytime lethargy, and early morning headache

Headache and visual disturbance (potential pseudotumor cerebri)

Acne, hirsutism, and menstrual history (for girls)

‐Psychological effects of obesity

‐Exercise tolerance

Family history

‐Family members with the following conditions:

Obesity, type 2 diabetes or gestational diabetes,
hypertension, fatty liver, dyslipidemia, and other
cardiovascular diseases

Polycystic ovarian syndrome

‐Home and neighborhood environment

‐Parents' occupation and supervision

‐Household members and relationship

‐Family attitude and commitment toward obesity treatment

Lifestyle factors

‐Diet

Breakfast consumption

Sugary beverage consumption and eating habits, for example,
snacking, fast food intake, binge eating

3‐day food diary

‐Physical activity

Sports participation

7‐day exercise diary

‐Sedentary behavior

Screen time
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the hypothalamus. Patients typically have a loss of
satiety and a reduced metabolic rate.29 Therefore, the
treatment strategy would be different from that for
children with simple obesity.

5 | SCREENING OF OBESITY ‐
ASSOCIATED COMORBIDITIES

Obesity in children and adolescents is associated
with various medical and psychological comorbidities,
including prediabetes/T2D, prehypertension/hyper-
tension, obstructive sleep apnea, dyslipidemia, fatty
liver, polycystic ovarian syndrome, or even early
subclinical atherosclerosis. There is also evidence that
obesity persists from childhood to adulthood and this
persistent excess in adiposity can increase the risk of

T2D, hypertension, dyslipidemia, and carotid‐artery
atherosclerosis in adulthood. Importantly, the risks of
these adverse outcomes among individuals who were
obese in childhood and became nonobese by adulthood
could be completely reverted to similar outcomes to
those who were never obese.8,30 This “reversibility of
risk” stresses the importance of early detection and
appropriate intervention in the childhood period.

On the other hand, various psychological comorbid-
ities, such as depression, low self‐esteem, and emotional
and behavioral disorders, have been reported to be
prevalent among obese adolescents.31 It remains
unclear whether these psychological comorbidities are
the cause or the consequence of obesity, or they all
originated from common susceptible factors that pro-
mote both weight gain and psychological disturbances
and/or further aggravated because of stigmatization and
bullying related to obesity.31–33 Nonetheless, regular
screening with early interventions is essential. The
suggested screening tests and assessments are listed in
Table 2.

6 | TREATMENT OF CHILDHOOD
OBESITY

The aim of obesity treatment is to ameliorate the
chronically positive energy balance. Before a detailed
discussion of specific obesity treatment, an agreeable
goal should be set with the child/adolescent, parents,
and health care worker. In general, a BMI reduction of
greater than 0.25 standard‐deviation score (SDS) (which
is roughly equivalent to a BMI reduction of 1 kg/m2) is
associated with a reduction in cardiovascular risk.34 As a
result, a BMI SDS reduction >0.25 is frequently defined
as the criterion of “success” in various interventions for
childhood obesity in the literature. However, in the real‐
world practice, the exact goal should be individualized
and should be specific, realistic, and achievable. It
should also be developmentally appropriate and agreed
to by the child/adolescent. Sometimes, the goal could be
incremental in each clinic visit, with the initial goal not
aiming at weight reduction, but merely a change in the
weight gain trajectory or lifestyle modifications. Since
most of our children are still in the growing phase, a
static body weight would indeed translate to improve-
ments in BMI and this might be a more attainable goal
to them.

6.1 | Lifestyle modifications

With limited licensed antiobesity medications in chil-
dren and adolescents, obesity treatment in this group
is usually achieved through lifestyle modifications.
Another unique challenge in managing obesity in
adolescents is that, neurocognitively, they are not yet

Usual schedule for homework, tutorial classes, and other
nonexercise extracurricular activities

‐Sleep routine

Physical exam

General

‐Anthropometric measurements including waist circumference or
waist–hip ratio

‐Blood pressure

‐Pubertal staging

‐Skin

Acanthosis nigricans at the neck, axilla, and skin folds

Xanthelesmas

Acne and hirsutism

Striae

‐Short stature, dysmorphism, developmental delay (might be
hints of an underlying genetic syndrome)

‐Head and neck

Tonsillar size

‐Overall mood and affect

Abdomen: Hepatomegaly

Endocrine

‐Goiter

‐Signs of Cushing syndrome, including extensive striae, buffalo
hump, and plethoric face

Neurological: Papilledema and reduced venous pulsations on fundi
exam (pseudotumor cerebri)

Musculoskeletal

‐Bow legs (Blount disease)

‐Pain in the groin, thigh, or knee area (slipped capital femoral
epiphysis)
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fully mature as to make the best decision. However, they
often demand a certain degree of autonomy on their
lifestyle choices. For these adolescents to comply with
recommendations, the rational of the interventions has
to be explained thoroughly and their views and opinions
must be respected.

Lifestyle modification is recommended as the first‐
line treatment for obesity in children and adolescents. It
generally consists of dietary restriction and exercise
interventions, sometimes together with the use of
behavioral modification techniques. These interventions
are usually carried out in outpatient settings, but there is
evidence to suggest more efficacious outcomes with in‐
patient treatment programs.35

6.1.1 | The role of dietary interventions

Traditionally, caloric restriction is an important element
in weight management with both children and adults.
Various dietary protocols have been used in children
and adolescents with obesity. The most used approach
in clinical practice is the “traffic light approach,” in
which foods are categorized according to caloric density
to guide intake frequency. Foods labeled “green” are of
low caloric density and can be consumed freely, high‐
calorie foods are labeled “red” and should be eaten
rarely, while foods labeled “yellow” are of moderate

caloric density and should be eaten judiciously. This
approach has been shown to be safe and modestly
effective for weight reduction in obese children and
adolescents.36

The other approach is to alter the macronutrient
composition. These include a “low‐fat” diet (<35% daily
energy from fat), a low‐carbohydrate diet (<50–60 g of
carbohydrate per day or <20% daily energy from carbohy-
drates), and a high‐protein diet (20%–40% daily energy
from protein). For example, it has been shown in a recent
pilot study that protein‐sparing modified fast, a low‐
carbohydrate, high‐protein diet, resulted in clinically
significant weight loss (mean weight loss of 3.7 kg, 5.5 kg,
and 4.7 kg after 1, 3, and 6months, respectively) in children
and adolescents with severe obesity.37 A systematic review
comparing the effectiveness of these approaches in
children and adolescents concluded that improvement in
weight status can be achieved with a reduced‐energy diet,
irrespective of the macronutrient distribution.38 Similarly, a
randomized clinical trial also compared the effectiveness of
carbohydrate‐modified diets with a standard portion‐
controlled diet in obese children, and it reported similar
efficacy in weight reduction in both groups with caloric
restrictions, though adherence to the low‐carbohydrate diet
was reported to be an issue.39 Therefore, the main goal of
dietary interventions is to reduce the total energy intake,
and the composition should be acceptable to children and
adolescents to improve compliance.

TABLE 2 Suggested screening for comorbidities in obese children and adolescents.

Conditions Suggested assessment

Prediabetes and diabetes mellitus Urine for glucose

HbA1c

Oral glucose tolerance test

Dyslipidemia Fasting lipid profile

Prehypertension and hypertension Blood pressure standardized according to sex, age, and height percentile

Nonalcoholic fatty liver Liver function test (AST/ALT)

Hepatobiliary system ultrasound

Obstructive sleep apnea Clinical history

If there is a positive history, referral to a respirologist should be made for
overnight oximetry or polysomnography

Mental health issues Clinical history, if positive, should lead to referral to a
clinical psychologist or psychiatrist

Consider use of validated screening tools, for example, PHQ2
for depression in a busy clinic setting

Polycystic ovarian syndrome Clinical history (oligomenorrhea)

Physical exam (hirsutism)

Pelvic ultrasound (look for polycystic ovarian morphology)

Testosterone and luteinizing hormone (LH)

Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; HbA1c, hemoglobin A1c; PHQ2, Patient Health Questionnaire 2.
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Intermittent energy‐restricted diets have gained
recent popularity as a weight‐reduction approach in
adults and it has been reported in a recent systematic
review to be of comparable efficacy to continuous
energy restriction for short‐term weight loss in obese
adults.40 However, there is no evidence of its efficacy
and safety in obese children and adolescents.

Alternatively, short‐term (4–8 weeks) intensive dietary
manipulations with very low‐energy diets (<800 kcal/day)
have been demonstrated to be safe and effective in
inducing rapid weight loss in obese adolescents.41,42

However, the long‐term outcome is unknown.
Time‐limited eating, due to its simplicity, may be a

more practical approach for adolescents with obesity
compared with other dietary intervention regimens. This
has been shown in a recent small, pilot randomized‐
controlled trial to be a feasible approach with a high
adherence rate. However, no significant weight loss could
be demonstrated. Further studies with larger sample sizes
and longer intervention durations would be needed to
prove its efficacy.43

To conclude, none of these approaches has been
shown to be superior to the other, and compliance with
dietary interventions has been shown to be the most
important predictor for weight reductions.44 It should be
noted that little is known about the long‐term safety of
these macronutrient‐redistributed diets, intermittent‐
fasting protocols, or very low‐energy diets. Since we
are dealing with a group of growing individuals, all these
special diets should be supervised and monitored
intensively by experienced health care professionals.
Their micronutrients and overall nutritional intake
should be monitored strictly to prevent adverse effects
on their growth and pubertal development. Extra
attention to their psychological state is also essential
to prevent the development of pathological eating
habits.

6.1.2 | The benefits of physical activity

Physical activity is an integral part of obesity manage-
ment. In addition to contributing to energy deficit and
weight control, it also gives rise to additional health
benefits, including improvement in cardiometabolic
parameters, improved body composition, physical fit-
ness, and overall psychological well‐being.45,46 A sys-
tematic review comparing the effects of a diet‐only
intervention with those of a diet plus exercise program
or exercise program only among overweight children
found that those in the diet plus exercise program
groups fared better in terms of greater improvement in
fasting insulin and high‐density lipoprotein–cholesterol
levels.46

The general recommendation of “physical activity
of at least 60 minutes of daily moderate to vigorous
physical activity” for adolescents is usually not practical

or achievable in real life.47,48 The determinants of
physical activity among youths were shown to be
predicted by their attitude toward physical activity,
parents' exercise habits, socioeconomic status, staff
engagement, enabling school and neighborhood envir-
onment, and scheduling physical activity into daily
programming.49,50 On the other hand, poor physical
fitness, long screen time, and busy schoolwork have
been shown to adversely affect the overall activity
level.48,49

With all these barriers in mind, instead of merely
providing general recommendations on physical
activity to our adolescents, special exercise programs,
best to be integrated into their busy daily routines,
are needed to translate these recommendations into
action.

In this digital era, electronic health (eHealth)
interventions, for example, wearable activity monitors
and smartphone apps, may promote adherence to
regular physical activity in children and adolescents. It
has been shown to be associated with moderate weight
loss in middle/older‐aged adults, though its efficacy
seems to be less convincing in children. Further studies
are needed to assess this approach to be implemented
in routine clinical practice.51

6.1.3 | The importance of sleep

Sleep deprivation results in changes in appetite‐related
hormones, for example, orexin, ghrelin, leptin, and
insulin secretion.21 There is ample evidence to support
the relationship between sleep deprivation, sleep prob-
lems, and childhood obesity,52–54 and there is also
evidence to suggest that it is not just the duration and
the quality of sleep that matter; later sleep timings were
also associated with obesogenic behaviors in children
and would contribute to obesity.55

Moreover, it has also been shown that sleep
deprivation is linked to alterations in energy homeosta-
sis, insulin resistance, and β‐cell function. This is
supported by epidemiological cohort studies showing
that short sleep duration is a risk factor for developing
T2D.56 Therefore, the importance of adequate sleep
duration and healthy sleep patterns should be empha-
sized as part of lifestyle modifications.

6.2 | Pharmacological treatment for
childhood obesity

While lifestyle modifications with dietary control and
physical activity are essential in the management of
obesity in children and adolescents, only a modest
effect on sustained weight loss is observed, especially
in those with severe obesity. This highlights the need
for additional evidence‐based treatments, including
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pharmacotherapy, before consideration of invasive
procedures, such as bariatric surgery.

Currently, the only agent that is approved for use in
adolescents aged 12–16 years is orlistat. It has been
shown to decrease the BMI among adolescents by up to
1.9 kg/m2.57–59 It works by decreasing gastrointestinal fat
absorption by inhibiting of lipase. It must be taken with
meals and is associated with major gastrointestinal side
effects. Therefore, compliance among adolescents could
be a major issue.

Metformin is not an approved drug for obesity
treatment, but is approved for the treatment of T2D
mellitus for children older than 10 years of age. Its use
among obese, nondiabetic children has been shown to
result in a modest improvement in BMI of 1.16 kg/m2

over 6–12months.60 Despite the very limited weight‐
reduction efficacy, it is a relatively safe drug with mainly
transient gastrointestinal disturbance. It is also some-
times used in combating the weight gain issue among
adolescents taking atypical psychotropic drugs,61 as well
as improving insulin resistance in girls with polycystic
ovarian syndrome.62

In 2020, liraglutide, a glucagon‐like peptide‐1
receptor agonist (GLP‐1RA), was approved by the US
Food and Drug Administration (FDA) for the treatment
of adolescents with obesity aged 12 years or older. It
delays gastric emptying, inhibits postmeal glucagon
secretion, and decreases appetite.63 It also stimulates
glucose‐dependent insulin release from β‐cells, and
could hence improve glycemic control in those with
diabetes. In a randomized, double‐blind trial, the use
of liraglutide (3 mg daily) with lifestyle modifications
led to a significantly greater reduction in the BMI SDS
of −0.22 than placebo.64 In a recent meta‐analysis,
liraglutide was shown to have a higher probability of
leading to clinically significant weight loss compared
with metformin, orlistat, exenatide, and topiramate.65

Gastrointestinal adverse events are not uncommon,
especially at a higher dose of 3 mg. C‐cell hyperplasia
had been reported in animal studies and hence
liraglutide is contraindicated in those with a personal
or family history of multiple endocrine neoplasia type 2
or familial medullary thyroid carcinoma.66

While liraglutide has been proven to be useful for
obesity treatment in children, compliance with daily
injections might an issue. The once‐weekly formulation
of the GLP‐1RA, semaglutide, has been approved for
obesity treatment in adults, but not yet in children. In a
recent double‐blind, randomized, placebo‐controlled
trial (Semaglutide Treatment Effect in People with
Obesity [STEP] TEENS trial) on adolescents aged 12 to
<18 years with obesity, it was shown that, with the use of
once‐weekly semaglutide at 2.4 mg for 68 weeks, 73% of
the participants in the semaglutide group could achieve
a weight loss of more than 5%, as compared to only 18%
in the placebo group. The main adverse effects were
symptomatic gastrointestinal disturbance.67 Therefore,

it is likely that this drug will be approved for
adolescents soon.

In 2022, the US FDA approved Qsymia (phentermine
and topiramate extended‐release capsules) for children
with obesity aged 12 years and older.68 It acts as a
norepinephrine and gamma‐aminobutyric acid agonist,
as well as a glutamate antagonist, leading to suppression
of appetite.69 The approval was based on the positive
results from a recent randomized, double‐blind, placebo‐
controlled, parallel‐design phase 4 study (ClinicalTrials.gov
Identifier: NCT03922945) that evaluated the efficacy and
safety of Qsymia in 223 adolescents with obesity. It was
shown that individuals taking Qsymia 7.5mg/46mg and
Qsymia 15mg/92mg achieved, on average, 4.8% and 7.1%
reduction in their BMI, respectively, while the placebo
group gained an average of 3.3% in their BMI. Common
adverse reactions included depression, dizziness, arthral-
gia, pyrexia, influenza, and ligament sprain.70

On the other hand, there have been further advances
in the management of monogenic obesity. Setmelanotide,
an MC4R agonist, has been demonstrated to result in
weight loss and reduced hunger sensation in individuals
with severe obesity due to pro‐opiomelanocortin (POMC)
deficiency obesity, leptin receptor (LEPR) deficiency
obesity, and BBS.71–73 Therefore, the US FDA has approved
setmelanotide for chronic weight management in children
aged 6 years or older with monogenic obesity due to POMC,
proprotein convertase subtilisin/kexin type 1, LEPR defi-
ciency, and BBS, which cause severe obesity that begins at
an early age.74

6.3 | Metabolic and bariatric
surgery (MBS)

With the successful experience in adults, MBS is now
also an option for treatment of morbid obesity in
adolescents. There is growing evidence on the benefits
of MBS in achieving substantial and sustainable weight
reduction as well as for remission of comorbidities.75,76

To maximize the benefits and minimize the compli-
cations of MBS, optimal patient selection is critical. The
selection criteria in adolescents were mainly extrapo-
lated from the experience from adults, with considera-
tion of the ongoing growth and developmental concerns
related to age. In the past, pubertal development was
included as a selection criterion for MBS.77 However, the
most recent guidelines recommend that neither puber-
tal development (Tanner stage) nor linear growth
should be considered in patients' selection. Eligibility
for adolescent MBS includes a BMI of ≥35 kg/m2 (or
≥120% of the 95th percentile) with a clinically significant
comorbidity, including obstructive sleep apnea, T2D,
idiopathic intracranial hypertension, nonalcoholic
steatohepatitis, Blount's disease, slipped upper femoral
epiphysis, gastroesophageal reflux disease and hyper-
tension, or a BMI of ≥40 kg/m2 (or 140% of the 95th
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percentile).78 Those with medically correctable causes of
obesity, ongoing substance abuse, and current/planned
pregnancy or those with medical, psychiatric, cognitive,
or psychosocial conditions that would prevent adher-
ence to postoperative dietary or medication regimes
are contradicted in MBS.78 Informed consent from the
legal guardian as well as consent from the adolescent
undergoing MBS is required. Therefore, both the
guardian and the adolescent should be informed of
the risks and benefits of MBS.

There are various forms of MBS, including laparo-
scopic adjustable gastric banding (LAGB), Roux‐en‐Y
gastric bypass (RYGB), and sleeve gastrectomy (SG)
(Figure 1). Each form has its unique characteristics in
achieving weight reduction. LAGB is a restrictive proce-
dure that isolates the upper stomach by the placement of
an adjustable silicone ring at the entrance to the
stomach. In RYGB, a small stomach pouch is created
and the rest of the stomach is bypassed. A segment of the
jejunum is inserted into the small gastric pouch, which
connects to the proximal portion of the jejunum that
diverts the bypassed portion of the stomach and the
duodenum. SG involves irreversible resection of 85% of
the stomach (removal of the fundus and greater
curvature), leaving a narrow gastric remnant.79

It was originally believed that MBS induces weight
loss by limiting the amount of food that could be ingested
(restriction) and reducing the absorption of ingested
calories (malabsorption). Nevertheless, it is now under-
stood that these are not the major mechanisms. In fact,
both RYGB and SG lead to an increase in the levels of
peptide‐YY and glucagon‐like peptide‐1 (GLP‐1), which
are satiety hormones secreted in the L‐cells of the distal
small bowel and cause decreased gastric emptying.80,81

SG also results in lower levels of grehlin, a hunger
hormone produced in the fundus of the stomach.82–84 On
the other hand, there is also emerging evidence showing
that MBS would result in a change in gut microbiome.85

Therefore, it is not surprising that SG and RYGB are
associated with more significant short‐ and long‐term

BMI reduction when compared with LAGB in adoles-
cents. When compared with RYGB, SG is less likely to
cause malabsorption of micronutrients, nutritional
deficiencies, or postoperative bowel obstruction, as it
does not involve any reconstruction of the intestinal
anatomy.76,84 Therefore, SG is increasingly being per-
formed nowadays, especially in adolescents.

The Teen‐Longitudinal Assessment of Bariatric
Surgery consortium is the largest multicenter, prospec-
tive observational study involving more than 240
adolescents undergoing LAGB, SG, and RYGB. It
reported a mean BMI reduction of 15 kg/m2 at 3 years
postoperatively, while remission of comorbidities ran-
ged from 66% for dyslipidemia to 95% for T2D, together
with significant improvements in quality‐of‐life mea-
sures.86 Similarly, a recent systematic review and meta‐
analysis also reported similar encouraging results in
terms of improvements in both BMI and cardiometa-
bolic parameters.75

With time, more long‐term data has been accumu-
lated regarding the efficacy, safety, and durability of
MBS in adolescents. A retrospective study on adoles-
cents who underwent SG in Qatar reported sustainable
weight loss effects, with a mean total weight loss of
35.8% and a mean BMI loss of 36% at 5 years of follow‐
up. Postoperatively, all patients with prediabetes
achieved total remission, and 50% of the patients with
T2D were reversed with no relapse after 5 years.87 A
nationwide, prospective, nonrandomized‐controlled
study of adolescents with severe obesity undergoing
RYGB in Sweden reported substantial weight loss of
36.8 kg in 5 years.88 Likewise, the US Adolescent Bariat-
ric Surgery study (FABS 5+) also reported significant
weight loss after RYGB, with a mean change in BMI of
−29.2%, together with significant declines in the preva-
lence of hypertension, dyslipidemia, and T2D after a
mean follow‐up period of 8 years. However, more than
40% of the participants had micronutrient deficiencies,
including mild anemia, hyperparathyroidism, or low
vitamin B12 levels.89 This underscored the need for
long‐term health maintenance with a regular screening
of micronutrient deficiencies.

Notably, when compared with adults undergoing
RYGB, despite similar percentages of weight loss 5 years
after surgery, adolescents were more likely than adults to
achieve remission of T2D and hypertension.90 Similar
findings were obtained on comparing adolescents and
adults undergoing SG.91 This might imply that earlier
MBS is associated with better cardiometabolic outcomes.

It should be emphasized that performing MBS does not
necessarily guarantee a complete cure of obesity. The
patients would still have to make ongoing lifestyle
modifications and attend continual follow‐up for monitor-
ing of potential deficiency of trace elements or vitamins
due to the procedure. In addition, all female adolescents
should be informed of the potential risks associated with
pregnancy immediately after the bariatric procedures and

F IGURE 1 Drawings of three operative procedures in bariatric
surgery: (A) Roux‐en‐Y gastric bypass; (B) sleeve gastrectomy; and
(C) adjustable gastric band, all of which are normally performed
laparoscopically.
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they should be counseled on contraception during this
period (around 1.5 years following the procedure).77 These
patients should ideally be evaluated and followed up by an
experienced multidisciplinary team with a surgeon with
expertise in MBS, a pediatrician (usually with a specialty in
endocrinology, gastroenterology, or adolescent medicine)
to screen for and manage the comorbidities, a registered
dietitian to plan for the diet and ensure adequate
nutritional intake postoperatively, a physiotherapist to plan
for the ongoing personalized exercise program, a clinical
psychologist to perform the initial psychological assess-
ment and counsel on the postoperative adjustment, and an
overall nurse coordinator.

6.4 | Fecal microbiome transfer (FMT)

Emerging evidence is elucidating the relationship
between alterations in the gut microbiome in relation
to obesity and T2D. Certain specific strains of gut
microbiome have been shown to play either a protective
or a pathogenic role in the progression of obesity.
Therefore, strategies to modify the gut microbiome and
reverse metabolic alterations have been developed as a
potential therapeutic approach.92 It works by manip-
ulating the intestinal microbiota by transferring micro-
biota from a healthy donor into an existing microbial
ecosystem.93 In humans, FMT has been shown in a
recent randomized clinical trial on adolescents with
obesity to reduce abdominal adiposity and reverse
metabolic syndrome, though no effect on weight loss
was observed.94 Further trials are needed to confirm the
observations.

7 | LONG ‐TERM OBESITY
MANAGEMENT—A COHESIVE AND
STRATEGIC APPROACH

Childhood obesity is a chronic, relapsing condition that
requires multidisciplinary and specialist intervention
to address its complex pathophysiology. Management
includes multimodal lifestyle modifications, regular
surveillance of comorbidities, timely initiation of phar-
macological agents, and MBS. The care should ideally
be delivered by a designated pediatric multidisciplinary
team consisting of pediatricians, pediatric surgeons,
physiotherapists, dieticians, psychologists, and social
workers with close communication with families and
schools to develop personalized obesity treatment plans.
While this approach has been shown to be effective,95

given the high prevalence of childhood obesity, its cost‐
effectiveness might be doubtful and implementation
in the real world could be challenging, especially in
resource‐limited countries. Therefore, it is usually
reserved for children with morbid obesity.

A comprehensive multisectorial approach, target-
ing from downstream, midstream to upstream—from
hospital‐based programs for children with morbid
obesity and comorbidities, to community‐, school‐, or
family‐based programs for children with simple
obesity, and childhood obesity prevention through
public education on healthy food consumption,
physical activity, preconception and pregnancy care,
and infant diet, and improved urban planning and
legislation, might represent a more cohesive strategy
in combating this major public health challenge.95–99

8 | CONCLUSION

Considerable advances have been made in the manage-
ment of obesity in children and adolescents. However,
implementation in the real world remains a challenge.
The broad principle of treatment is to adjust the
chronically positive energy balance. While lifestyle and
behavior modifications with dietary changes and
increased physical activity are the integral part of
obesity management, the efficacy and sustainability
are limited, especially for those with severe obesity. With
emerging evidence on new pharmacological agents,
MBS, and recently FMT, it is hoped that obesity
management in children and adolescents could be
improved in the future. However, it should be high-
lighted that a cohesive and strategic approach aiming at
not just short‐term weight loss but also long‐term
behavioral changes and weight maintenance is needed.
The approach should be developmentally appropriate
for both the physical growth and psychological needs of
our children and adolescents. This could best be
achieved through orchestrated and multidisciplinary
efforts.100,101
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