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Abstract

This Position Statement updates the different components of the therapy of obesity (lifestyle intervention, drugs, and
surgery) in children and adolescents, previously reported in the consensus position statement on pediatric obesity of
the Italian Society of Pediatric Endocrinology and Diabetology and the Italian Society of Pediatrics. Lifestyle interven-
tion is the first step of treatment. In children older than 12 years, pharmacotherapy is the second step, and bariatric
surgery is the third one, in selected cases. Novelties are available in the field of the medical treatment of obesity. In
particular, new drugs demonstrated their efficacy and safety and have been approved in adolescents. Moreover, sev-
eral randomized control trials with other drugs are in process and it is likely that some of them will become available
in the future. The increase of the portfolio of treatment options for obesity in children and adolescents is promising for
a more effective treatment of this disorder.
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Introduction

The treatment of childhood and adolescent obesity is
urgent due to at least three main factors: i. the dramatic
epidemiological impact of obesity, which is continuously
increasing in all the world; ii. the association of obesity
with metabolic [impaired glucose tolerance and diabetes,
hypertension, dyslipidemia, non-alcoholic fatty liver dis-
ease (NAFLD), etc.] and non-metabolic (weight stigma,
teasing, bullying, victimization, low self-esteem, depres-
sion, body -image disturbances, eating, respiratory and
orthopedic disorders, etc.) disorders; iii. the reduction of
life expectancy in youth with obesity [1-3].

Overweight and obesity from the earliest stages of life
are risk factors for the persistence of obesity and more
than 60% of overweight, prepubertal children maintain
the extra weight into adulthood. Exposure to excess adi-
posity, especially if prolonged, is associated with cardio-
metabolic risk factors and the consequent development
of cardiometabolic comorbidities such as hypertension,
dyslipidemia, type 2 diabetes and NAFLD, which have an
important impact on the overall mortality of the popu-
lation [4]. Moreover, functional deficits, with a severe
restriction of motor skills and psycho-social unease are
common in youth with severe obesity and affect the qual-
ity of life, leading to true disability [5].

The National Institute for Health and Care Excellence
suggests lifestyle intervention as the primary approach
to managing obesity [3]. However, available data suggest
that therapeutic interventions for childhood and adoles-
cent obesity have shown modest efficacy, especially in the
long term [6, 7], and relapse is fairly common. In recent
years, bariatric surgery and drug therapy showed some
encouraging results on substantial and lasting weight loss
and contribute to the increase of the treatment portfolio
available for the clinician [8].

Therefore, on the basis of this evidence, the Italian
Society of Pediatric Endocrinology and Diabetology, the
Italian Society of Pediatrics and the Italian Society of
Pediatric Surgery made this consensus on the treatment
of obesity in children and adolescents, with the purpose
to provide an update on available treatments for obesity
in pediatrics. This consensus does not cover prevention
and the treatment of obesity-comorbidities.

Methods

An expert group on obesity in children and adolescents
was involved in document processing. The definition of
obesity is based on body mass index (BMI)>99" cen-
tile for 2—5-year-old children and>97% centile for chil-
dren older than 5 years till 18 years, using World Health
Organization (WHO) BMI reference [9, 10]. A principal
coordinator was identified for each of the five areas of
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treatment of childhood and adolescents: 1. Nutrition, 2.
Exercise and Physical activity, 3. Cognitive and family-
based behavior therapy, 4. Medical treatments, 5. Bariat-
ric Surgery.

For each topic, a systematic review of the literature was
conducted using database PubMed with MeSH terms or
descriptors, limited to patients 0—18 years old and from
May 2016 to November 2022.

Scientific articles, systematic reviews, meta-analysis,
consensus, recommendations, international and national
guidelines published on pediatric obesity even prior to
2016 were considered and deemed useful to the Con-
sensus. The level of evidence (LOE) and the grade of rec-
ommendations were established in accordance with the
National Manual of Guidelines [11].

Each working group prepared a preliminary draft
reporting the LOE for each specific recommendation, fol-
lowed by a brief description of the scientific evidence in
support, epidemiological data, and any notes deemed as
useful. The final document was sent on December 2022
to all the extensors and members of the Pediatric Obesity
Study Group of the Italian Society for Pediatric Endocri-
nology and Diabetology and approved on January 2023
in its definitive form. The literature search was updated
before preparing the final draft; no additional relevant
publications were identified that might have required a
change in the statements.

Targets of treatment

The treatment of obesity, i.e., the excessive accumula-
tion of fat in the body, should be based on an action on
the specific causes of this condition. In less than 10% of
cases, obesity is secondary to other diseases, such as syn-
dromes, monogenic obesity, endocrine disorders, drugs,
cancer, psychological and psychiatric disorders. The
treatment of the primary disease is therefore the main
target of therapy.

In more than 90% of cases, the specific cause of obe-
sity is not known and an etiologic based treatment is not
possible. Therefore, a reasonable target of treatment is to
maintain a chronic negative energy balance to reduce the
fat mass level. To achieve and maintain this objective, it
is necessary to act on the factors contributing to regulat-
ing food intake and energy expenditure. A crucial issue is
to avoid any kind of stigmatization of weight excess, that
requests a careful sensitivization and training of all pro-
fessionals involved in the care procedure.

At present, three treatment options for children and
adolescents with obesity are available: lifestyle interven-
tion, pharmacotherapy, and bariatric surgery.

The purpose of this Consensus is to provide an over-
view of the current treatment options for pediatric severe
obesity in different age groups.
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Lifestyle intervention
Multidisciplinary lifestyle intervention programs that
focus on nutrition, physical activity, and behavioral
change are the first and most frequently applied treat-
ment options for obesity.

In particular, lifestyle intervention was effective on
weight loss in children with obesity, but almost no effect
was found in adolescents with severe obesity [12]. Dan-
ielsson et al. reported that the BMI z-score was reduced
at least 0.5 units during a three-year intervention in
58% of the 6-9 years old children with severe obesity,
but in only the 2% of the adolescents (14—16 years old)
[13], underlining the importance to start treatment for
severe obesity at an early age. Possible reasons for the low
response of adolescents to lifestyle interventions are the
decline in parental influence during adolescence, which
was demonstrated to play a key role in the treatment pro-
cess [14], and the reduced adherence to these interven-
tions as age increases [15].

However, the evidence that lifestyle intervention is
effective in treating comorbidities that often accompany
pediatric severe obesity further justifies its use as the first
step in the treatment program even if clinically meaning-
ful weight loss is difficult to achieve in youth with severe
obesity, especially adolescents [16, 17].

Nutrition

Nutrition is an important target of treatment: dietary
components have a modest but sustained impact on
reducing total energy intake and improving intakes of
specific food groups in youths with overweight or obesity
that can be deficient [18].

Different diet interventions have been tested in the
treatment of obesity, including modification of macronu-
trient composition, implementing different dietary pat-
terns, and changing meal timing.

Ideally, in the clinical practice, a child nutrition plan
should be individualized based on age, food preferences,
cultural preferences, family and personal lifestyle, and
concurrent medical diseases.

A recent review of 28 clinical practice guidelines, con-
sensus and position statements concluded that dietary
approaches based on caloric restriction are recom-
mended to achieve weight loss although no evidence of
the long term durability of the results obtained is avail-
able [19, 20]. However, guidance on the management of
severe obesity (BMI>99'" centile for children older than
5 years) using dietary approaches is currently unavailable.

Few guidelines recommend intensive dietary
approaches for the management of obesity with related
comorbidities or severe obesity, such as very low-energy
diet (VLED) and very low-carbohydrate diets (VLCD).
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Non-restrictive approach

This dietary model does not consider a given calorie
intake or a composition of nutrients, rather it focuses
on the consumption of low-fat and high-nutrient-dense
foods (e.g. reducing fruit juice consumption and increas-
ing fresh fruit consumption). It has been suggested that,
to provide advice targeted towards specific food compo-
nents (for example the reduction of the consumption of
carbonated drinks and sugary foods or foods with a high
caloric density), is more effective in weight control than
providing advice on healthy eating. Supporting these
long-term dietary changes has the potential to improve
energy balance and decrease the BMI z-score in children
and adolescents aged 2—18 years [21-23].

The Italian Guidelines for healthy and proper nutrition,
issued by Council for Agricultural Research and Analy-
sis of Agricultural Economics of Italy (CREA) in 2019,
report both the portions by age and the weekly recom-
mended daily consumption frequencies.

This approach begins with the assessment of the child’s
and family’s eating habits, through the detection of the
composition of meals, portions, frequency of food intake,
food preferences or aversions, the eating habits of the
family. The 3-day food diary or the diet history are good
tools for assessing dietary intake, providing adequate
instruction for filling in the diary. (LOE VI-A)

Several lifestyle changes must go hand in hand with
non-restrictive approach, such as paying attention to
food consumption while screen watching. In fact, a sys-
tematic analysis has shown the positive association
between watching television in the 1-18 age group and
the consumption of snacks, sugary carbonated drinks
and foods with a high calorie density [24].

Furthermore, it is important to educate the patient to
consume meals and snacks on appropriate occasions of
consumption. In particular, a frequency of 5 meals per
day, has been associated with a lower risk of developing
obesity in children and adolescents [25]. On the con-
trary, nighttime consumption of snacks has been asso-
ciated with an increased risk of obesity in children with
low levels of physical activity [26]. However, randomized
clinical trials (RCTs) are necessary for confirming these
results. (LOE III-A)

Traffic light diets (modified Traffic light diets)

The Traffic Light diet is a calorie-controlled approach in
which foods in each category are color-coded according
to their calorie density per serving: green for low-calo-
rie foods that can be eaten freely; yellow for moderate-
calorie foods that can be eaten occasionally; and red for
highcalorie foods that should be eaten rarely. Children
and adolescents with obesity following this diet showed
an improvement in the anthropometric parameters of
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obesity (BMI z-score, waist circumference, fat mass),
with maintenance of the result even at 1 year follow-up
[27]. (LOE I-B)

Diets with low glycemic index and low glycemic load

The low carbohydrate (LC) diet limits carbohydrate
(CHO) intake to no more than 60 g/day, and the reduced
glycemic load (RGL) diet restricts intake of rapidly
absorbed carbohydrates [28].

The glycemic index (GI) is defined as the ratio of the
area under the blood glucose curve measured two hours
after consuming 50 g of test carbohydrates and the area
under the blood glucose curve obtained by 50 g of glu-
cose or white bread. The term glycemic load (GL) was
introduced to quantify the overall glycemic effect of the
food compared to amount of CHO contained in the serv-
ing (usually 100 g). Diets that consider the GI and the GL
imply an evaluation not only quantitative of the selected
foods, but also qualitative (for example, semolina pasta
82.8 g CHO, whole meal semolina pasta CHO 66.2 g).
The patients are instructed to distinguish: “high glycemic
index” foods such as sugary drinks, refined baked goods,
candies and sweets, white bread and potatoes (GI>70),
“intermediate glycemic index” foods such as pasta, corn
and dried fruit (GI=56-69) and “low glycemic index”
foods such as fruit, non-starchy vegetables, 100% whole
grains, meat, fish and poultry (GI<55). While the last
category can be consumed without restriction, the inter-
mediate and high GI categories must be introduced
respectively less frequently and occasionally during the
week [28]. There are no specific restrictions on energy or
fat intake.

Diets using modified CHO intake have resulted in
improved weight status even in the medium-long term
period (12 months) in children and adolescents [28].

Normal calorie diets with a low GI and/or low GL can
be useful in children and adolescents with obesity and
glucose metabolism alterations, with positive impact
in fasting blood sugar, fasting insulin and homeostasis
model assessment (HOMA)-index [28, 29]. (LOE I-A)

Mindful eating

Recently, new strategies have been proposed for the
treatment of obesity focused on the factors that influence
patients’ abilities to acquire behavioral changes neces-
sary to follow diet therapy. Mindful Eating Approaches
aim to make the subjects aware of their food choices,
develop attention to one’s physical and not psychologi-
cal fullness, respect the stimuli of satiety and finally con-
sume healthy foods precisely in response to such stimuli
[30]. The primary objective is therefore not weight loss
but the ability to perceive and respond appropriately to
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one’s own stimuli appetite/satiety. Despite the growing
interest in this treatment, studies in children with obe-
sity are currently limited and aimed primarily at adoles-
cents. A RCT demonstrated the greatest efficacy of this
type of treatment, compared to a control group with tra-
ditional nutritional advice, in reducing BMI in adolescent
girls (14—18 years) in the short-term (10 weeks) [31]. In
addition, a recent study on adolescents (12-17 years)
at risk of obesity has shown how the Mindful Eating
approach is more effective than standard health educa-
tion in reducing food reward sensitivity or stress-eating
after six months [32]. Similarly, a study targeting adoles-
cents living with obesity (14—18 years) and their families
showed a reduction in distraction during the meal and
an increased food awareness following a Mindful Eating
approach compared to standard nutritional counseling
[33].

This approach has also been reported to be effective to
prevent childhood obesity [30]. (LOE II-C)

Balanced low calorie diets

Balanced low-calorie diets are effective in promoting
weight loss in children [27, 34, 35]. The diets most fre-
quently reported include a 30% reduction in the aver-
age daily caloric intake, measured through a 3-day food
diary or Food Frequency Questionnaire (FFQ), or a 15%
reduction compared to the energy requirement esti-
mated through predictive equations for gender and age
[27]. This dietary approach combined with changes in
physical activity level has been reported to be effective
in treating children and adolescents with obesity [36].
After 3 months of intervention, significant reduction of
BMI has been observed compared to the control group
(— 1.7+ 1.1 kg/m? vs — 0.2 + 1.0 kg/m?), and the difference
in BMI between the two groups was maintained even
at 1 year of follow up (—1.7+2.3 kg/m? vs 0.6+0.9 kg/
m?). Long-term efficacy was demonstrated even without
changes in the level of physical activity in a RCT target-
ing children with overweight or obesity aged 7—12 years
[28].

This intervention involves the formulation of a food
plan, periodically re-evaluated during the follow-up in
relation to the nutritional needs of the growing child or
adolescent, which respects a balanced distribution of
macronutrients suggested by Reference Intake of nutri-
ents and energy for Italian Population (LARN) (pro-
teins: 10-15% of daily energy, between 0.9-1 g/kg/day
depending on age; CHO: 45-60% of daily energy, sim-
ple sugars<15% of total calories; and lipids: 35-40%
of total calories in the 1-3 year-old children and from
4 years 20-35% of daily energy, of which saturated fatty
acids <10% of daily energy) [37]. (LOE I-B)
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Low-calorie high-protein diets

The high-protein diets are characterized by a protein
intake increased up to 19-30% of the daily energy intake,
with a reduction of CHO intake to 35-50% of total
energy, while lipid intake remains in the range of 25-35%
of total energy.

A meta-analysis of six trials evaluated the impact of a
high-protein diet versus a balanced low-calorie diet on
the outcome of obesity indices (primarily assessed as
BMI, BMI z-score, and/or body composition) in a group
of 6-18 years old subjects [35]. No differences of the level
of overweight and metabolic parameters (glycemia, insu-
lin sensitivity and blood pressure) between the two treat-
ments have been found, so that there is no evidence to
recommend high-protein low-calorie diets for the treat-
ment of obesity in school age and adolescence. (LOE I-D)

Hyperlipidic low-calorie diets

High-fat nutritional approaches have been poorly investi-
gated in the pediatric population with obesity. A study in
a group of a 9—14-year-old girls compared a high-fat diet
(42% CHO, 40% fat and<10% saturated fat,~18% pro-
tein) with a normal fat diet (55% CHO, 27% fat with < 10%
saturated fat, ~ 18% protein). At 11-weeks, the change of
BMI was not different between the two groups [38]. (LOE
II-D)

Very low-energy diet or very low-carbohydrate diet

Diets with a low or very low energy content (from 600—
800 up to 1,200 kcal/day) or low carbohydrate content
(<20 g CHO/day or 10-20% of total daily energy) have
been investigated in last years in children and adoles-
cents with obesity. These approaches have a limited dura-
tion, generally between 8 and 20 weeks.

A 2014 systematic review demonstrated improvement
in BMI, BMI z-score or body composition following
the adoption of this regimen for a short period of time
(1-6 months duration) in children and adolescent aged
6—18 years. However, there is no significant difference in
weight loss between the highly hypocaloric dietary regi-
men and a balanced low-calorie dietary approach (50—
60% CHO and <33% fat or less than 40 g/day) after two
years [35].

A second systematic review and meta-analysis in 2019
evaluated the effects of low-calorie diets (600—800 kcal/
day or<50% of energy requirement) in 5—-18-year obese
subjects, demonstrating the effectiveness of this treat-
ment in reducing weight and BMI values (but BMI
z-scores were not reported) in the short term (6 months),
although a comparison with a standard dietary approach
was not provided. Six studies included adolescent and
no studies were conducted in children [39]. The authors
concluded that this dietary treatment may be particularly
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useful for achieving weight loss, in particular in adoles-
cents with comorbidities related to obesity or eligible for
bariatric surgery. Furthermore, the authors stressed the
importance of adopting this treatment in a hospital set-
ting or in centers specialized in the treatment of pediatric
obesity and under medical supervision [39]. (LOE I-C)

However, the compliance of these diets is low and
the long-term outcomes is comparable to that of the
balanced low-calorie diets. Moreover, it is not recom-
mended to undertake low-calorie diets especially in
school-age children, since. The safety of these dietary
approaches on the growing subject has not yet been dem-
onstrated. (LOE I-D)

Dietary patterns

Mediterranean diet

The Mediterranean diet (MD) is characterized by a high
intake of vegetables, fruit, oily nuts, whole meal cereals,
legumes and olive oil, as well as a moderate consumption
of fish and poultry and a low intake of sweets, red meat
and dairy products [40]. It promotes increased consump-
tion of dietary fiber, antioxidants and long-chain fatty
acids.

Dietary models based on the principles of the MD
can be used as a normocaloric approach for the treat-
ment of obesity in children and adolescents. Despite the
high number of studies that have investigated the effect
of adherence to the MD on obesity, methodological
limitations in most of the intervention studies, such as
non-inclusion of a control group or lack of analysis con-
sidering confounding factors, lead to the conclusion that
there is limited evidence of a beneficial effect in follow-
ing a MD to obtain weight loss in children with obesity
[41-47]. This recommendation is mainly based on expert
opinion [41, 48]. (LOE VI-A)

DASH diet

The DASH (Dietary Approach to Stop Hypertension) diet
is a dietary pattern that advocates the daily introduction
of at least 8 portions of fruit and vegetables, two or three
daily portions of dairy products or low-fat dairy products
and a sodium consumption <2.4 g/day.

The nutritional indications also include a reduced con-
sumption of foods with a high fat and cholesterol con-
tent, such as red meat, whose portions must be reduced
to two or less (per day). The indications aim to ensure a
balanced macronutrients distribution, without a neces-
sary energy-restriction (53-58% CHO, 15-18% protein
and 26-30% fat) [49].

This nutritional approach has proven effective in
improving several comorbidities associated with obesity
and metabolic syndrome in children and adolescents.
In particular cohort studies and cross-sectional studies
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highlight an association between the DASH diet and ben-
eficial effects on blood pressure, overweight and obesity
in 11-18 year-old adolescents [50], although these results
were not obtained in intervention studies [49]. (LOE III-C)

Exclusionary diets

Vegetarian and vegan diet

These two dietary patterns are characterized by the
exclusion of meat and seafood from the diet. In addi-
tion, the vegan diet excludes “products of animal origin’,
such as milk, dairy products, eggs and honey, which are
allowed in the vegetarian model.

These eating patterns are effective in the treatment
of obesity in adulthood [51, 52]. On the contrary, stud-
ies evaluating the effectiveness of this dietary model for
the treatment of the obese pediatric patient are currently
lacking. There is therefore no evidence to recommend
vegetarian and vegan diets for the treatment of childhood
obesity [48]. (LOE VI-D)

Physical activity

Physical activity, defined as “any movement of the body
produced by skeletal muscles that requires energy
expenditure’, plays an important role in the treatment of
obesity since it contributes to increasing energy expendi-
ture and obtaining weight loss without significant varia-
tions of fat free mass (FFM) [53].

Fat free mass is the strongest predictor of the resting
metabolic rate and its reduction have significant implica-
tions in the long-term weight management. Interventions
based on supervised and structured programs of physical
activity, such as aerobic and/or resistance exercise com-
bined to diet may counteract the negative effects on FFM
compared to interventions based on diet only [54, 55].

Programs encourage to achieve the recommended lev-
els of physical activity through an increase of both organ-
ized and non-organized physical activities. In order to
achieve optimal outcomes, recommendations about type
and amount of physical activity should be age specific and
should consider the extent to which the severity of obesity
impairs the components of physical fitness, the musculo-
skeletal system and the quality of life. Children and ado-
lescents with obesity have lower coordination, balance,
speed, agility and fine and gross motor skills compared to
their healthy weight peers [56]; this hinders the adherence
to the physical activity goals and sustains a vicious circle of
inactivity and weight excess. In addition, poor motor skills
expose children to bullying victimization and contribute
to low self-esteem and poor quality of life [57]. For these
reasons, increasing physical activity and exercise can be
difficult in children with obesity and an adapted physical
activity intervention is needed for a successful outcome.
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Ideally, exercise promotion and treatment should be
included in the setting of multidisciplinary teams, com-
posed of exercise physiologists or activity specialists
trained to manage the physical barriers of children with
obesity, working in concert with other professionals.
Realistically, these experts are lacking in the multidisci-
plinary teams in most countries of the WHO European
Region [58].

Young children (3-5 years of age)

The rise in childhood obesity in this period is mostly
driven by unbalanced energy intake rather than decline in
physical activity [59]. Progression in many of the funda-
mental motor skills, such as running, jumping, throwing,
and catching, typical of this developmental stage, may be
negatively influenced by weight excess. Combination of
increased physical activity and reduced sedentary behav-
iors should be promoted in preschool children with obesity
as an essential component of a healthy lifestyle, improve-
ment of fundamental movement skills, motor coordination
activities and fitness [60, 61]

Pre-schoolers, independently from BMI, should spend
at least 180 min in a variety of types of physical activity at
any intensity, of which at least 60 min is moderate/vigorous
physical activity, distributed throughout the day. In addi-
tion, they should not be restrained for more than one hour
at a time and should limit the screen time to less than one
hour/day [62, 63].

The physical activity goals may be achieved through
promoting free play, with emphasis on safe, enjoyable and
supervised motor tasks [64]. (LOE VI-A)

Children and adolescents (6-17 years of age)

At this age, physical inactivity and sedentary behaviors
are significant contributors to the development of pedi-
atric obesity and increase the cardiometabolic risk. Both
inactivity and body fat excess significantly impair several
components of the health related physical fitness, such as
aerobic and muscular fitness [65, 66].

Both components have been associated to a healthier
cardiometabolic profile [67—69] and may attenuate the
adverse effects of obesity on insulin-resistance and cardi-
ometabolic risk [70]. Exercise in children and adolescents
with obesity can improve anthropometric (body mass,
BMI, central obesity, fat mass) cardiovascular (triglycer-
ides, fasting glucose, fasting insulin) parameters, and car-
diorespiratory fitness [71].

Regarding the type of exercise, either aerobic or com-
bined aerobic and strength training have been associated
with significant and clinically improvements in BMI, fat
mass and fat mass percent in children and adolescents
with overweight and obesity [72].
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Therefore, physical activity and exercise at this age
should be designed to improve both components of
physical fitness, without overlooking fundamental move-
ments and motor coordination skills.

Children and adolescents should accumulate at least
60 min per day of moderate-vigorous physical activity,
involving a variety of aerobic activities based on gross
motor skills (walking, cycling, swimming); activities that
promote flexibility and muscle strength should be per-
formed at least three days per week [73]. As in young
children the proposed activities should consider the ease
and enjoyment of moving and playing.

Structured exercise programs based on aerobic and/or
resistance training or sports participation in gym or sport
facilities can be performed at moderate intensity, gradu-
ally increasing the frequency, intensity and duration over
time.

A research gap is still represented by establishing the
optimal exercise dose for promoting weight loss in chil-
dren and adolescents living with overweight or obe-
sity. According to a recent meta-regression analysis that
included aerobic exercise and strength training inter-
ventions, a positive linear association between exercise
dose and weight loss was found without identifying the
best dose. In most studies the exercise prescription dose
was below the recommended amount of physical activity
(roughly 150 min of moderate activity per week).

In addition, the daily physical activity outside the inter-
vention was not considered. This issue is not of second-
ary importance, since it is still questioned whether high
amount of exercise can negatively influence the total
weekly physical activity [74].

Conversely, there is much evidence about the amount
of physical activity able to produce health outcomes.
Physical exercise programs lasting 4—12 weeks, or ses-
sions of 60 min each, or involving a total exercise time of
at least 1,500 min were effective in improving cardiomet-
abolic and vascular parameters (lipids, fasting glucose,
fasting insulin, homeostasis model assessment of insulin
resistance [HOMA-IR], intrahepatic fat, systolic blood
pressure, and carotid intima-media thickness) in children
with obesity [75].

As part of behavioral approaches, sedentary activ-
ity should be reduced, particularly the amount of rec-
reational screen time to a minimum of two hours daily
[73]. (LOE I-A for excercise, LOE I-B for sedentary
reduction)

Cognitive and family-behavioral therapy

In the treatment of obesity, a substantial, feasible, lifestyle
change is recommended through an integrated approach
to diet, exercise and strategies aimed at changed behav-
ior. (LOE I-A)
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To get better adherence to diet and exercise programs,
the main strategies of intervention proposed in the lit-
erature are behavioral therapy (BT), cognitive behavioral
therapy (CBT) and therapeutic education of the patient
(ETP) [76]. (LOE VI-A)

Furthermore, recent studies show that strategies aimed
at behavioral change are associated with a greater prob-
ability of long-term maintenance of the results obtained
through calorie restriction and increased physical activity
[77]. (LOEI-A)

Behavioral therapy aims at modifying dysfunctional
eating and motor behaviors without affect the personality
of the subject [76]. (LOE VI-A)

Behavioral therapy uses behavioral techniques, which
can also be used in combination such as: self-monitor-
ing, goal setting, problem solving, social support, stress
management, stimulus control, alternative behaviors,
environmental control parental monitoring, parental
modeling, positive reinforcement and fragmented tech-
niques [76]. (LOE VI-B)

Cognitive behavioral therapy aims to change the
thoughts that induce dysfunctional behavior and hinder
change. Cognitive strategies in addition to the behavio-
ral ones are more effective than BT alone, however, they
are less applicable to pre-adolescents and entire families
[76]. (LOE VI-A)

The ETP’s purpose is to know the disease, manage
the disease and the therapy, as well as, prevent avoid-
able complications. The tools of the ETP adapted to
obesity in childhood are: therapeutic relationship, reflec-
tive and proactive listening, family approach, mod-
eling, counseling motivational, therapeutic storytelling,
positive reinforcement, small steps, bargaining on goals
[76]. (LOE VI-B)

Recent systematic reviews, published on Cochrane,
have assessed the importance of using such cogni-
tive behavioral approaches on weight loss in pediatric-
adolescent-aged subjects (0-6 years, 6-11 years and
12-17 years) with different levels of validity.

0-5 years

Colquitt et al. [78] reported that a multidisciplinary
approach related to diet and physical activity integrated
to a strategy aimed at lifestyle change in young children
is an effective treatment option compared to diet and
physical activity alone. The multicomponent intervention
promoted an improvement of BMI z-score, waist circum-
ference, health-related quality of life [79-82]. Moreover,
other positive outcomes have been reported, such as an
increase of daily vigorous physical activity, a reduction
of sugary drinks intake and time of video exposure, and
an increase of parents’ beliefs, attitudes and practices
regarding feeding children [80-83]. (LOE I-B)
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6-11 years

Mead et al. [20], analyzed the same primary and sec-
ondary outcomes in patients treated with diet, physical
activity and behavioral therapy compared to those who
followed diet and physical activity alone, selecting RCT
studies (range of ages 6 to 11).

Cognitive and/or behavioral therapy in addition to
treatment was found to improve adherence to short- and
long-term therapy. In particular Epstein et al. [84] evalu-
ated that the addition of problem-solving exercises with
or without parental involvement in 6-11 years old is
associated with improvement of primary outcomes (BMI
and BMI z-score). Taveras et al. [85] found that a family
and individual coaching as clinical support intervention
is associated with more easily maintained weight loss,
even in the long term. The primary results showed that
interventions that change behavior recorded lower values
of BMI, BMI z-score and body weight compared to the
absence of treatment, at the short-term follow-up. (LOE
I-B)

12-17 years

Al-Khudairy L et al. [86] regarding the age range from
12 to 17 years, found that multidisciplinary interven-
tions with the combination of diet, exercise and behav-
ior modification further reduced BMI and weight of
adolescents with overweight and obesity, compared to
those who did not receive any treatment (no specific food
program and maintained in follow up) or only with only
a dietary approach and not supported by psychological
therapy. (LOE I-B)

The National Institute for Health and Care Excellence
(NICE) guidelines state that “multicomponent interven-
tions are the treatment of choice for obesity and these
should include the behavioral component” [87]. Further-
more, a systematic review of 37 randomized trials com-
paring patients treated with BT versus non-behavioral
approaches [88], highlighted greater efficacy in cases than
in controls (with a difference weighted mean of —2.8 kg
in the treated group after 12-months). (LOE I-A)

A review of 266 articles related to healthy eating inter-
ventions using behavior change theory was recently pub-
lished [89]. In one of the articles reported, Kelly et al
[90], highlighted that many people may lack knowledge
and skills to follow a proper diet. Therefore, dietary edu-
cation alone may not be sufficient to guide a change in
nutritional behavior and dieticians/nutritionists should
perform an important role in changing nutritional behav-
ior and the role of nutrition education. [91]

The most common theories of behavior change iden-
tified in the published studies are: the social cognitive
theory [92], the most used according to Rigby et al. [93];
the theory of planned behavior [94], the trans-theoretical
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model [95], the model of health knowledge [96] and the
theory of self-determination [97]. (LOE I-A)

A recent RCT study which aimed to develop a multi-
disciplinary lifestyle intervention program for children
and adolescents with moderate to severe obesity, evalu-
ated the additional effects on outcomes compared to tra-
ditional treatments [98]. Overall, 103 participants in the
85 percentile of age and sex-specific BMI were selected
and divided into groups that received 16 weeks of routine
care or multidisciplinary interventions.

This study showed that the intervention had positive
effects on body composition (BMI and BMI z-score), car-
diometabolic risk markers and in maintenance of weight
loss at the 16-week follow-up [99]. (LOE I-A)

Medical treatment

Pharmacotherapy is the next step in obesity manage-
ment for patients who fail to achieve their weight loss
goals with lifestyle modification therapy alone [100].
Indications for pharmacotherapy in pediatric obesity are
patients aged 12 years or older and having BMI> 95" per-
centile with weight-related comorbidities or BMI>120%
of the 95" percentile regardless of comorbidities, who
have not properly responded to lifestyle modification
[101]. Management of drugs should be done in third level
centers [102].

Weight loss medications, although effective, have low
popularity, high costs (usually not covered by the national
health care systems), and concerns regarding their safety
still persist due to historical problems associated with
their use [103]. Studies report that between 3 and 44% of
patients taking weight loss medications may experience
side effects [104]. However, recent data on weight loss
medications show promising results in adolescents [105,
106].

In the last few years, more drugs have become avail-
able for the treatment of youth with obesity, but options
approved are limited. The Food and Drug Administra-
tion (FDA) has approved once-daily liraglutide (3.0 mg),
orlistat (120 mg), and phentermine—topiramate (7.5 mg
of phentermine with 46 mg of topiramate or 15 mg of
phentermine with 92 mg of topiramate) for adoles-
cents at least 12 years of age [107-109]; only liraglutide
is approved by the European Medicines Agency (EMA)
[110, 111].

Orlistat  (tetra-hydro-lipstinate) is FDA-approved
for long-term treatment of obesity in adolescents
aged >12 years. The medication has not been approved
for use by the EMA. By inhibiting pancreatic and gastric
lipase, it decreases lipid absorption [111].

In the largest pediatric trial, children were randomized
to either orlistat 120 mg or placebo three times daily over
52 weeks. At the end of the trial, BMI had decreased by
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0.55 kg/m? with orlistat and increased by 0.31 kg/m? with
placebo. Furthermore, 26.5% of children in the orlistat
group had a 5% or greater decrease in BMI compared
with 15.7% of those in the placebo group [112]. Of note,
only 64% of participants in the control group and 65%
in the orlistat group completed the trial. The most com-
mon adverse events in the orlistat group were gastroin-
testinal-related, generally of mild to moderate intensity
[113]. (LOE II-B)

Phentermine is approved in the United States for ado-
lescents > 16 years of age for up to 12 weeks, but not in
Europe. Through reduction of norepinephrine reuptake,
it stimulates pro-opiomelanocortin (POMC) neurons in
hypothalamus [114]; additionally, it improves appetite
inhibitory control on prefrontal cortex by acting on sero-
tonin and dopamine reuptake [115, 116]. Weight loss is
small to moderate. This drug may cause anxiety, tremors,
slightly increased blood pressure. The main studies eval-
uating phentermine for the treatment of obesity in ado-
lescents showed scarce safety and efficacy data reported
[117]. Increased blood pressure and heart rate are com-
mon side effects [118]. The paucity of long-term data for
phentermine, along with its short-term use indication
represents an important limitation, considering the need
for chronic treatment of obesity [119]. (LOE IV-B)

Topiramate is FDA-approved for neurological disorders
and also, in combination with phentermine, is indicated
for obesity in patients > 12 years of age [120]. Topiramate
blocks neuronal sodium channels, antagonizes glutamate
receptors, inhibits carbonic anhydrase, and is thought
to suppress appetite through an increase in gamma-
aminobutyric acid (GABA) activity. Topiramate use for
6 months has been observed to correlate with a reduction
in BMI between 2 and 4.9%. Its use for obesity in subjects
under 18 years of age is off-label [120, 121]. Randomized
controlled clinical trials are needed to examine efficacy
and safety of topiramate for severe obesity in adolescents
[121]. (LOE III-C)

In addition to the anti-obesity drugs, metformin is
approved by the US FDA to treat type 2 diabetes in chil-
dren aged over 10 years.

It is delivered orally and acts on reducing glucose lev-
els by inhibiting hepatic gluconeogenesis and promot-
ing intestinal absorption of glucose [122, 123]. Even
though metformin does not often result in significant
body weight loss, it appears to prevent or delay altera-
tion of glucose homeostasis in children at high risk of
developing type 2 diabetes mellitus [124]. Furthermore,
metformin has also an off-label use to achieve weight
loss in children. Masarwa et al. reported metformin effi-
cacy in a systematic review of RCT studies in children
and adolescents. They demonstrated that metformin use
offers modest benefits in reducing BMI in subjects with
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obesity [125]. Specifically, when BMI z-score variable
was studied by evaluating seven RCTs, it was observed
that metformin consistently produced a decrease in this
parameter compared with placebo, with more evident
results in children and adolescents with nonalcoholic
fatty liver disease [100, 125]. In addition, metformin has
been shown to improve cardiovascular risk profile and
inflammatory biomarkers in obese children and adoles-
cents [126, 127]. Side effects are usually gastrointesti-
nal, including bloating, diarrhea, and flatus, and are not
reported as serious, with a discontinuation rate due to
adverse events <5% [118]. (LOE I-B)

Glucagon-like peptide 1 (GLP-1) receptor agonists are
incretins that enhance insulin secretion and improve
satiety by slowing gastric emptying and acting on arcu-
ate nucleus of hypothalamus, limbic/reward system in
amygdala, and the cortex [128-130]. A recent meta-
analysis indicates that GLP-1 receptor agonists are safe
and effective in modestly reducing weight, BMI, glycated
hemoglobin Alc, and systolic blood pressure in children
and adolescents with obesity in a clinical setting. Apart
from increased rates of minor gastrointestinal -related
symptoms such as nausea, no serious adverse events were
noted [131].

Liraglutide was approved for obesity treatment in chil-
dren aged 12-17 years (weight > 60 kg and BMI of > 30 kg/
m? in accordance with international standards />95™
percentile) from both the FDA and the EMA. The effi-
cacy and safety of liraglutide in adolescents were demon-
strated in a randomized, double-blind trial, enrolling 251
adolescents (ages 12-18 years) with obesity and a poor
response to lifestyle therapy alone. The trial consisted
of a 56-week treatment period and a 26-week follow-
up period. Participants were randomly assigned (1:1) to
receive either liraglutide (3.0 mg) or placebo subcutane-
ously once daily, in addition to lifestyle therapy liraglutide
was superior to placebo in reducing BMI standard-devi-
ation score from baseline to the 56™ week of treatment
(estimated difference, —0.22; 95% CI [Confidence inter-
val],—0.37 to — 0.08). A reduction in BMI of at least
5% was observed in 43.3% of participants in the liraglu-
tide group and 18.7% participants in the placebo group,
and a reduction in BMI of at least 10% was observed in
26.1 and 8.1%, respectively. A greater reduction was
observed with liraglutide than with placebo for BMI
(estimated difference, —4.64 percentage points) and for
body weight (estimated difference, —4.50 kg). At week 56,
there was no substantial difference between treatment
groups in glycemic and cardiometabolic variables or in
overall weight-related quality of life [132]. The adverse
events most frequently reported in the liraglutide group
were gastrointestinal events including nausea, vomit-
ing, and diarrhea, which represented the main cause of
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discontinuation of the trial treatment. In summary, in
adolescents with obesity, liraglutide 3.0 g as an adjunct
to lifestyle therapy led to a greater reduction in the BMI
than placebo [132]. (LOE I-A)

Exenatide is used off label under 18 years of age in obe-
sity, in presence of diabetes, and/or in hypothalamic or
syndromic obesity, for example Prader Willi syndrome
[100, 111]. In a previous randomized, double-blinded,
parallel, placebo-controlled clinical trial provides that
exenatide XR is feasible, generally well tolerated, and
leads to reduction, albeit modest, in BMI z-score and a
significant improvement in glucose tolerance in adoles-
cents with obesity [133]. In a recent randomized, double-
blind trial exenatide partly mitigated the BMI rebound in
adolescents who achieved weigh loss with dietary inter-
vention (meal replacement therapy run in phase up to
8 weeks) [134]. (LOE II-B)

Semaglutide is another GLP-1 receptor agonist,
recently approved by FDA in pediatric patients 12 years
of age and older. In the recent Semaglutide Treatment
Effect in People with Obesity (STEP) TEENS trial, a
double-blind, parallel-group, randomized, placebo-
controlled trial, 201 adolescents (ages 12—18 years) with
obesity (a BMI in the 95" percentile or higher) or with
overweight (a BMI in the 85™ percentile or higher) and
at least one weight-related coexisting condition were
enrolled. Participants were randomly assigned in a 2:1
ratio to receive once-weekly subcutaneous semaglutide
(at a dose of 2.4 mg) or placebo for 68 weeks, plus lifestyle
intervention. The mean change in BMI from baseline to
week 68 was —16.1% with semaglutide and 0.6% with pla-
cebo (estimated difference, —16.7 percentage points; 95%
CL,—20.3 to—13.2; P<0.001). At week 68, a total of 95
of 131 participants (73%) in the semaglutide group had
weight loss of 5% or more, as compared with 11 of 62
participants (18%) in the placebo group (estimated odds
ratio, 14.0; 95% CI, 6.3 to 31.0; P<0.001). Reductions in
body weight and improvement with respect to cardio-
metabolic risk factors (waist circumference and levels of
glycated hemoglobin, lipids [except high-density lipo-
protein cholesterol], and alanine aminotransferase) were
greater with semaglutide than with placebo. The inci-
dence of gastrointestinal adverse events was greater with
semaglutide than with placebo (62% vs. 42%). This study
assessed the efficacy and safety of once-weekly subcuta-
neous semaglutide plus lifestyle intervention among ado-
lescents with obesity [135]. (LOE II-A)

Bupropion is a selective dopamine and norepinephrine
reuptake inhibitor, while naltrexone is an opioid recep-
tor antagonist. This combination is approved for obesity
treatment in adults, off-label under 18 years [115]. (LOE
VI-C)
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Setmelanotide is a melanocortin-4 receptor (MC4R)
agonist approved by the FDA for patients 6 years and
older with obesity due to three rare genetic conditions:
POMC deficiency, Proprotein Convertase Subtilisin/
Kexin Type 1 (PCSK1) deficiency, or Leptin Receptor
(LEPR) deficiency, confirmed by genetic testing demon-
strating pathogenic, likely pathogenic, or of uncertain
significance variants of these genes [136]. It is also used
in clinical trials for other rare genetic disorders associ-
ated with obesity. These disorders include Bardet-Biedl
Syndrome, Alstrom Syndrome, POMC and other MC4R
pathway heterozygous deficiency obesity, and POMC
epigenetic disorders [137]. (LOE I-A)

Several RCT studies to test new medications are ongo-
ing and recently new molecules, ie. dual agonists of
GLP-1 and glucagon receptor, have been approved for
adults with obesity. It is possible that in the future new
medications will be available also for the use in children
with obesity [138].

Bariatric surgery

Bariatric surgery is the ultimate solution in adolescents
with severe obesity, resistant to all other treatments,
especially when serious complications are detected. (LOE
VI-B)

In a large meta-analysis including 49 studies with
3,007 adolescents, the Roux-en-Y gastric bypass (RYGB)
(n=1,216), laparoscopic adjustable gastric banding
(n=1,028), and laparoscopic sleeve gastrectomy (1 =665)
were the most common surgeries performed. At the
longest follow-up (range 12-120 months), bariatric sur-
gery led to an overall 16.43 kg/m? and 31% reduction in
BMI. After 12 months from surgery, there were signifi-
cant improvements in glucose and lipid metabolism. The
remission rate of dyslipidemia was 55%, 70%, and 95% at
1, 3, and>5 years after surgery [139]. Preliminary data
suggest sustained benefits after up to 9 years in terms of
weight loss and very high remission rates for lipid param-
eters, uric acid, liver enzymes, prediabetes and diabetes
[140].

The American Society for Metabolic and Bariatric
Surgery Pediatric Committee and the American Acad-
emy of Pediatrics recently updated the recommenda-
tions for metabolic and bariatric surgery in youth, which
removes the previous restriction on surgery based on
pubertal or skeletal maturation [141, 142]. Current ado-
lescent bariatric recommendations include BMI > 35 kg/
m? or 120% of the 95" percentile for age and sex, with
moderate to severe comorbidities (including obstructive
sleep apnea (Apnoea Hypopnoea Index [AHI]>5), type
2 diabetes mellitus, idiopathic intracranial hypertension,
non-alcoholic steatohepatitis, slipped capital femoral epi-
physis, Blount disease, gastroesophageal reflux disease
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and hypertension) or BMI>40 kg/m? or 140% of the 95%
percentile for age and sex [141, 142].

The authors state that previous barriers to surgery are
not supported by evidence. According to guidance from
the publications, no preoperative attempt at diet or exer-
cise is necessary, a diagnosis of autism, developmental
delay or syndromic obesity is not an automatic contrain-
dication and unstable family environments, eating dis-
orders, mental illness or prior trauma are not reasons to
exclude surgery.

Contraindications to surgery are a medically treat-
able cause of obesity, untreated or poorly controlled sub-
stance abuse, current or planned pregnancy within 12-18
moths of the procedure, current eating disorder or medi-
cal, psychiatric, psychosocial or cognitive condition that
prevents adherence to postoperative medication and life-
style changes [141, 142]. (LOE VI-A)

There is no evidence to support the application of spe-
cific age limits for the timing of surgery [143, 144].

Surgery should be performed in a highly specialized
center that guarantees an experienced multidisciplinary
team. (LOE III-A)

Indication for surgery must be given on a case-by-case
basis by the multidisciplinary team. (LOE VI-A)

However, there are inherent risks associated with
bariatric surgery. In particular, post-operative complica-
tions, i.e. symptomatic gallstone disease and small bowel
obstruction, may require further operative procedures.
Furthermore, a previous study shows a slightly higher
reoperation rate in the 5 years following RYGB in ado-
lescents compared to adults (20-25%) [145]. However,
recent improvements in operative technique and post-
operative management have led to a reductions in the
causes of reoperation after bariatric surgery [146].

Additionally, the risks of bariatric surgery include
specific micronutrient deficiencies. Low iron and fer-
ritin levels with result anemia were reported [143]; low
vitamin D was documented insufficiency even at 5 years
[147]; among patients with poor adherence to prescribed
supplements, deficiencies in vitamins. A, B1, B6, and B12
and folate have also been described [143]. Adolescents
have been shown to experience also substantial decreases
in bone mineral density [148].

Surgical options and results

Roux-en-Y gastric bypass is often referred to as the gold
standard for surgical management of severe obesity in
adults [149, 150] and adolescents [151] and is performed
by using minimally invasive, laparoscopic surgical tech-
niques. RYGB results in significant weight loss as a result
of its effects on appetite, satiety, and regulation of energy
balance [150].
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Among all bariatric surgery options, vertical sleeve
gastrectomy (VSG), is recommended in adolescents
with severe obesity [143, 152]. Minimally invasive sur-
gery, namely laparoscopic sleeve gastrectomy (LSG) is
the most common performed bariatric surgery due to its
safety, high efficacy and survival rates, in pediatric age.
It represents a “vertical gastrectomy” performed on the
greater curvature with preservation of the pylorus. Gas-
tric tubulization by resection reduces approximately 80%
of the stomach (remaining gastric capacity is>100 mL).
Operative time is also described to be shorter than the
other surgeries. This technique achieves significant
weight loss through similar effects on appetite, satiety,
and regulation of energy balance and may reduce appe-
tite through delayed gastric emptying and altered neuro-
hormonal feedback mechanisms [153].

Compared to other approaches, the comorbidity reso-
lution is maintained, weight loss efficacy is durable in
children and adolescents>5 years after surgery and spe-
cific nutrients’ malabsorption is reduced.

Nausea, dehydration, gastroesophageal reflux and
wound infection (especially in patients with severe obe-
sity), anastomotic leak and, rarely, gastric tube twist as
well as gastric volvulus are reported in 4.3% of the cases
and are considered as minor complications [154—156]. A
retrospective analysis from the Metabolic and Bariatric
Surgery Accreditation and Quality Improvement Pro-
gram (MBASQIP) database (USA) showed that LSG was
associated with a significantly lower rate of major compli-
cations in the first month after surgery [157-159]. (LOE
III-B)

Laparoscopic adjustable gastric band (LAGB), a revers-
ible procedure that accounted for approximately one
third of all bariatric operations in the United States a dec-
ade ago [152], has experienced a significant decline in use
among adults because of limited long-term effectiveness
and higher-than-expected complication rates [160, 161].
Disappointing outcomes in the context of few prospec-
tive studies in the pediatric population have resulted in a
similar decline in use of LAGB among adolescents [143].
At present, LAGB is limited by the United States FDA to
people 18 years or older. (LOE IV-C)

Endoscopic sleeve gastroplasty (ESG) represents
an attractive alternative to open surgery and is gain-
ing popularity as first choice obesity operation. ESG is
a bariatric endoluminal reversible procedure consist-
ing in reducing and shortening the stomach by means
of non-resorbable full-thickness sutures. It is performed
endoscopically with an endoscopic suturing device and
requires a learning plateau of 7-9 cases for experienced
endoscopists. The plication starts on the anterior wall,
1 cm from the gastric incisura and proceeds all the way
through the greater curvature to the gastric fundus which
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will be preserved. The gastric wall is pulled against the
instrument, suctioned, in order to have a perpendicular
full-thickness bite, and then, the stitch is released. Four
to seven purse string stitches are enough to significantly
reduce the gastric volume (< 100 ml) [162].

This technique has a positive impact on quality of life
and it is considered to be a valid suggestion in adoles-
cents or younger patients. Indication is reported in cases
with lower BMI (30-35 kg/m?) or high risk patients or
those patients who wish to undergo bariatric surgery.
Storm et al. documented short- and long-term results on
1,607 ESG cases with a percentage of total body weight
loss at 6, 12 and 18 months was 15.8, 17.1 and 17.3
respectively [163]. Success or failure of ESG seems to
be predictable early after surgery and long-term gastro-
plasty integrity/weight loss are correlated with preopera-
tive BMIL Comorbidities also seem to be treated. Patients
get a global improvement of their physical (significant
decreases in sistolic blood pressure, glycated hemo-
globin, serum triglycerides and alanine transaminase
[ALT]) and mental (improvements in self-esteem and
lower rates of depression) health after ESG. Endoscopic
and histopathologic evaluations showed no abnormali-
ties within 1 year follow-up. Minor adverse events have
been described (92%, nausea, vomiting, mild to moderate
abdominal pain) and major problems (1.1-2%, fluid col-
lections, late bleeding, refractory symptoms, intraopera-
tive perforation, splenic injury and pulmonary embolism)
[154]. ESG appears to be safe with the advantages of pre-
serving the anatomy and being reversible and repeatable.
However, the procedure still needs further assessment
through a RCT to demonstrate efficacy in postoperative
long term follow up in children and adolescents [146,
154, 164—166]. (LOE IV-B)

Conclusion

Lifestyle modification therapy is the first necessary step
of obesity treatment useful for improving many chronic
disease risk factors and comorbidities but often fails to
achieve clinically meaningful and sustainable weight loss.
The addition of drugs to lifestyle therapy is the second
step of treatment. Recently, new drugs approved for the
use in adolescents were reported to be safe and effective
in promoting remarkable weight loss.

The third level of treatment is bariatric surgery, that
provided robust weight loss and risk factor/comorbidity
improvements although potential risks have to be taken
into account. Further research with long-term follow-up
is necessary to assess durability of body weight improve-
ment obtained with different treatments.

Obesity is not a homogeneous disease but is rather a
complex, multifactorial condition that has multiple deter-
minants that respond variably to a given intervention.
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Therefore, each mode of treatment employed in youths
demonstrates considerable heterogeneity in response.
Availability of predictors of the response to treatment,
especially for weight-loss maintenance, could improve
the success rate. New longitudinal studies will contribute
to identify potential predictors as well as test the efficacy
of pharmacotherapy in children younger than 12 years,
for whom there are not yet drugs approved for treatment.
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