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Abstract
The dramatic increase in overweight and obesity among children and adolescents has become a major public
health problem. Obesity in children and young adults is associated with an increased prevalence of cardiometabolic
risk factors. Obesity during adolescence represents a strong predictor of obesity and higher mortality in adulthood.
Due to the serious implications of obesity in adolescents, effective treatments are urgently needed. Lifestyle
interventions represent the recommended therapy. Nevertheless, real world data show that the majority of
adolescents do not achieve weight loss in the long term, and are reluctant to participate in lifestyle interventions.
Pharmacological treatment is recommended if a formal lifestyle modification program fails to limit weight gain or
to improve comorbidities. However, until 2020 the European Medicines Agency (EMA) had not approved any
pharmacotherapeutic agents for obesity in pediatric patients. On April 2021, EMA has authorized the use of
Liraglutide, a glucagon-like peptide (GLP)-1 analog, for the treatment of obesity in adolescents (12–17 years). The
efficacy and safety of Liraglutide were demonstrated in a randomized, double-blind trial, enrolling 251 adolescents.
After 56 weeks, a reduction in BMI of at least 5% was observed in 43.3% of participants in the liraglutide group vs.
18.7% in the placebo group, and a reduction in BMI of at least 10% was observed in 26.1 and 8.1%, respectively.
Gastrointestinal events were the events most frequently reported with liraglutide. Bariatric surgery represents
another effective treatment for adolescents with severe obesity, with sustained benefits on weight loss and
cardiometabolic risk factors. However, long-term safety and effectiveness data in adolescents are still scarce. Risks of
bariatric surgery include the need for additional abdominal surgical procedures and specific micronutrient
deficiencies. Hopefully, new pharmacological treatments in addition to lifestyle interventions will offer more
chances of success.
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Introduction
Adolescence is a peculiar phase of life due to the rapid
physical growth, with changes of body composition and
sexual and psychologic maturation. During this delicate
period, compliance to treatment of chronic diseases is
modest, so that the efficacy of therapy is frequently discouraging. Also obesity, the most common chronic disease in adolescents, shows this trend. Based on this
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evidence, new treatments are desirable. This review reports an update of available treatments for overweight
and obesity in adolescents.
Overweight and obesity in adolescence

Over the past decades, the dramatic increase in overweight and obesity among children and adolescents has
become a major public health problem, which has now
reached epidemic dimensions. Global age-standardized
prevalence of obesity in the 5–19 years range increased
from 0.7% in 1975 to 5.6% in 2016 in girls, and from
0.9% in 1975 to 7.8% in 2016 in boys [1]. During 40
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years, there was a 10-fold increase in the number of girls
with obesity (from 5 million in 1975 to 50 million in
2016), and a 12-fold increase in the number of boys with
obesity (from 6 million in 1975 to 74 million in 2016)
[1].
According to the WHO European Childhood Obesity
Surveillance Initiative (COSI), one in three children aged
6–9 years were overweight or obese in Europe in 2016–
2017 [2]. Among boys, the highest prevalence of obesity
was found in Cyprus and Italy (21%), followed by Spain
and Greece (20%), while among girls the highest prevalence was found in Cyprus (19%) and Spain (17%),
followed by Malta (15%) and Greece (14%).
A systematic review and meta-analysis assessed the
prevalence trends in measured overweight and obesity
among 477,620 children aged 2 to 13 years across Europe from 1999 to 2016 [3]. The combined prevalence of
overweight and obesity in the Iberian region tended to
decrease from 30.3 to 25.6%, while it increased in the
Mediterranean region from 22.9 to 25.0%. No substantial
changes were observed in Atlantic Europe or Central
Europe, where the overweight and obesity prevalence
changed from 18.3 to 19.3% and from 15.8 to 15.3%, respectively. The increasing prevalence of overweight and
obesity in the Mediterranean region is worrisome. As an
example, in Italy the prevalence of overweight among
children aged 7–13 years rose from 28.2 to 35.2%, while
the prevalence of obesity increased from 7.0 to 12.2%
[3]. However, more recent COSI data suggest a decrease
in the prevalence of overweight and obesity among children in Italy [4]. While in 2008–2009 the prevalence of
overweight and obesity were 23.2 and 12.0%, respectively, in 2019 the prevalence decreased to 20.4% for
overweight and 9.4% for obesity (2.4% with severe
obesity).
The stabilization at high rates of obesity in children
and adolescents in industrialized countries and the still
increasing trend in developing countries represent a
major social, clinical and economical concern, in the
light of the immediate and long-term consequences of
this condition.
Obesity in adolescence and cardiometabolic risk factors

More than two-thirds of obese adolescents have at least
one biochemical or clinical cardiovascular risk factor
and over one quarter have more than two [5]. The association of obesity in children and young adults and an
increased prevalence of cardiometabolic risk factors is
well known [6–8].
A meta-analysis including 63 studies of 49,220 subjects
aged 5 to 15 documented a worsening of cardiovascular
risk factors in overweight and obese participants. Compared with normal weight children, systolic blood pressure was higher by 4.54 mmHg in overweight children,
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and by 7.49 mmHg in obese children. Similar associations were found in diastolic and 24 ambulatory systolic
blood pressure. Obesity adversely affected blood lipid
profile: total cholesterol and triglycerides were 0.15
mmol/L and 0.26 mmol/L higher in obese children, respectively. Fasting insulin and insulin resistance were
also significantly higher in obese participants. Obese
children had a significant increase in left ventricular
mass of 19.12 g compared with normal weight children
[9].
Elevated uric acid levels, which are frequently associated with the other traits of metabolic syndrome, are
also commonly found in obese children/adolescents
[10–13].
In a population of 2405 children aged 6 to 12 years, elevated levels of uric acid were found in 14.5% of normal
weight participants, 28.3% of those overweight, and
43.6% of those obese [14].
High uric acid levels are also associated with reduced
estimated glomerular filtration rate (eGFR) and nonalcoholic fatty liver disease (NAFLD) in children and adolescents with overweight or obesity. In a study involving 2565 young people (age 5–18 years), eGFR was
calculated using the Schwartz’s bed-side formula and reduced eGFR was defined by a value < 90 mL/min/1.73
m2. High uric acid was defined as ≥75th percentile by
sex in children and adolescents. Young people with high
levels of uric acid had an odds ratio of 2.11 (95%CI
1.43–3.11) for reduced eGFR, an OR of 2.82 (2.26–3.45)
for NAFLD; and an OR of 5.04 (3.45–7.39) for both conditions, independently of major confounders [15].
An association between elevated uric acid and risk of
hypertension and diabetic kidney disease has also been
described in obese adolescents with type 2 diabetes [16].
Furthermore, adolescents with obesity and the metabolic syndrome often have an increased carotid intima–
media thickness, an established risk factor for cardiocerebrovascular disease [17, 18]. Childhood obesity is
also associated with arterial stiffness, one of the earliest
detectable measures of vascular damage. In a metaanalysis of 15 case-control studies including 2237 children/adolescents, a significant effect of obesity on pulse
wave velocity, carotid β-stiffness index, and aortic β stiffness index were documented [19].
Obesity is frequently associated with non-alcoholic
fatty liver disease (NAFLD), the most common chronic
liver disease in children and adolescents. NAFLD is a
spectrum of progressive liver disease that spans from
simple steatosis, to non-alcoholic steatohepatitis
(NASH), advanced fibrosis and, ultimately, cirrhosis [20].
NAFLD also has serious health consequences outside of
the liver, being strongly associated with an increased risk
of cardiovascular disease and abnormal glucose tolerance
[21–25].
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Recently, it has been proposed to replace the term
NAFLD with metabolic dysfunction-associated fatty liver
disease (MAFLD). While the exclusion of other chronic
liver diseases including excess alcohol intake has until
now been used to establish a diagnosis of NAFLD, positive criteria have been defined for the diagnosis of
MAFLD based on evidence of hepatic steatosis, in
addition to one of the following three criteria, namely
overweight/obesity, presence of type 2 diabetes mellitus,
or evidence of metabolic dysregulation [26].
A meta-analysis on 76 independent study populations
involving children aged 1–19 years documented a pooled
mean prevalence of NAFLD in participants from general
population studies of 7.6% (95%CI: 5.5 to 10.3%), while
the prevalence reached 34.2% (95% CI: 27.8 to 41.2%) in
studies based on child obesity clinics. The prevalence
was higher in males compared with females and increased incrementally with greater BMI [27].. Another
meta-analysis of 5 studies that assessed NAFLD by ultrasound (5305 participants aged 5 to 18 years) suggested
that the prevalence of NAFLD was 26 times greater for
those with obesity relative to those with a healthy weight
(prevalence ratio of 26.1; 95% CI, 9.4–72.2) and 6 times
greater for those who were overweight (prevalence ratio
of 6.1; 95% CI, 3.3–11.2) [14].
Obesity in adolescence: a high risk of persistence into
adulthood

Obesity in childhood predicts the presence of obesity
during adolescence, which in turn represents a strong
predictor of obesity in adulthood.
Data from a cohort of 532 adolescents from North
Norway showed that children who were overweight/
obese at 5–7 years of age had increased odds of being
overweight/obese at 15–17 years of age, compared to
thin/normal weight children (crude odds ratio: 11.1, 95%
confidence interval: 6.4–19.2). Six out of 10 children
who were overweight/obese at 5–7 years of age were
overweight/obese at 15–17 years of age [28].
A cohort of 215 obese Italian children aged 10.5 (±2.4)
years had a follow-up examination of height and weight
fourteen (±5) years later, which showed persistency of
obesity (BMI > 30) in 36% of participants, whereas 32%
were overweight (25 < BMI < 30), and 32% normal weight
(20 < BMI < 25) [29].
In a study conducted in United States, after adjustment for parental obesity, the odds ratios for obesity in
adulthood associated with childhood obesity ranged
from 1.3 for obesity at 1 or 2 years of age to 17.5 for
obesity at 15 to 17 years of age [30].
In Norwegian health surveys during 1963–1999, height
and weight were measured for 128,121 persons in a standardized way both in adolescence (age 14–19 years) and
10 or more years later. The odds ratio of obesity (BMI
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≥30) in adulthood increased steadily with BMI in adolescence, up to 16 for very high BMI [31].
In a US nationally representative cohort of 8834 individuals followed from adolescence through adulthood,
obese adolescents were 16 times (HR = 16.0; 95% CI,
12.4, 20.5) more likely to develop severe obesity in young
adulthood than normal weight or overweight adolescents
[32].
In a systematic review and meta-analysis, obese children and adolescents were around five times more likely
to be obese in adulthood than those who were not obese.
About 55% of obese children were also obese in adolescence, around 80% of obese adolescents were still obese
in adulthood and around 70% were obese over age 30
[33].
Obesity in adolescence and adult morbidity and mortality

Obesity during childhood and adolescence predicts
higher adult mortality. In a cohort of 4857 American Indian children without diabetes (mean age, 11.3 years),
rates of death from endogenous causes among children
in the highest quartile of BMI were more than double
those among children in the lowest BMI quartile (incidence-rate ratio, 2.30; 95% CI, 1.46 to 3.62) [34].
In the Norwegian study cited above, very high adolescent BMI was associated with 30–40% higher adult mortality compared with medium BMI [31]..
A study on 2.3 million Israeli adolescents examined
the association between BMI in late adolescence and
death from cardiovascular causes in adulthood. On multivariable analysis, hazard ratios in the obese group
(≥95th percentile for BMI), as compared with the reference group in the 5th to 24th percentiles, were 4.9
(95%CI, 3.9 to 6.1) for death from coronary heart disease, 2.6 (95% CI, 1.7 to 4.1) for death from stroke, 2.1
(95% CI, 1.5 to 2.9) for sudden death, and 3.5 (95% CI,
2.9 to 4.1) for death from total cardiovascular causes
[35].. Of interest, the study also showed that even mild
overweight during adolescence (BMI above the 50th percentile) was associated with increased risk of death from
cardiovascular causes later in life.
In a cohort of 276,835 Danish schoolchildren, CHD
events were ascertained by linkage to national registers.
The risk of any CHD event, a nonfatal event, and a fatal
event among adults was positively associated with BMI
at 7 to 13 years of age for boys and 10 to 13 years of age
for girls. Furthermore, the risk increased as the age of
the child increased [36].
Obesity during adolescence also increases the risk of
developing type 2 diabetes (T2D) and cardiovascular disease in adulthood.
In a Danish cohort of 292,827 individuals aged 7–13
years, above-average BMIs were positively associated
with T2D in adult life. These associations were stronger
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in women than men, in younger compared with older
generations, and at younger adult ages at diagnosis [37].
In a prospective study, 37,674 apparently healthy Israeli men aged 17 years were followed for incident
angiography-proven coronary heart disease and diabetes.
Elevated adolescent BMI was a significant predictor of
both diabetes (HR for the highest vs. the lowest decile,
2.76; 95% CI, 2.11 to 3.58) and angiography-proven coronary heart disease (HR 5.43; 95% CI, 2.77 to 10.62)
[38].
A systematic review and meta-analysis showed that
among children aged 12 to 18 years there was a positive
and statistically significant association between a one SD
increase in BMI and adult diabetes (OR 1.70; 95% CI
1.30–2.22) and coronary heart disease (OR 1.30; 95% CI
1.16–1.47) [39].
A study involving 62,565 Danish men demonstrated
that childhood overweight at 7 years of age was associated with increased risks of adult T2D only if it continued until puberty or later ages. Of note, the study also
showed that men who had had remission of overweight
before the age of 13 years had a risk of having T2D diagnosed at 30 to 60 years of age that was similar to that
among men who had never been overweight [40].
More recently, a nationwide, population-based study
evaluated 1,462,362 Israeli adolescents (59% men, mean
age 17.4 years) during 1996–2016. Data were linked to
the National Diabetes Registry. In a model adjusted for
sociodemographic variables, the hazard ratios for diabetes diagnosis were 1.7 (95% CI 1.4–2.0), 2.8 (2.3–3.5),
5.8 (4.9–6.9), 13.4 (11.5–15.7), and 25.8 (21.0–31.6)
among men in the 50th–74th percentile, 75th–84th percentile, overweight, mild obesity, and severe obesity
groups, respectively, and 2.2 (1.6–2.9), 3.4 (2.5–4.6), 10.6
(8.3–13.6), 21.1 (16.0–27.8), and 44.7 (32.4–61.5), respectively, in women. The fractions of adult-onset T2D
attributable to high BMI (≥85th percentile) at adolescence were 56.9% in men and 61.1% in women [41].
Treatment of obesity in adolescence
Lifestyle interventions

Due to the serious implications of obesity in adolescents, effective treatments are urgently needed [42].
Supported by the evidence deriving from randomized
trials and meta-analyses, lifestyle interventions represent the recommended therapy for adolescents with
obesity [43–46]. In addition to the positive impact on
weight loss, lifestyle interventions also produce a reduction in blood pressure, blood glucose, and insulin
resistance, while the evidence of benefit on lipid profile is inconclusive [43, 46].
Furthermore, a meta-analysis of 19 studies that had
evaluated 923 subjects aged 6–18 years showed that lifestyle intervention usually including aerobic exercise and
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diet produced a benefit on aminotransferase levels. Lifestyle changes also had a significant impact on steatosis,
reducing the risk by 61% [47].
However, a very large, real world German study involving over 21,000 children and adolescents with obesity, showed that the majority of the participants did not
achieve weight loss in the long term [48]; furthermore,
over 90% of adolescents with obesity were lost to followup from medical care during two years of follow-up.
Furthermore, severely obese adolescents are reluctant
to participate in lifestyle interventions, and response to
behavioral treatment is generally limited and confined to
the short term [49, 50].
The combination of diet and exercise also play an important role for the prevention of obesity among children and adolescents. A comprehensive metanalysis of
studies targeting obesity prevention suggested that a
combination of diet and exercise might reduce the BMI
z-score (Mean Difference [MD]: -0.12; 95% CI: − 0.18 to
− 0.06; 32 studies; 33,039 participants), BMI (MD: − 0.41
kg/m2; 95% CI: − 0.60 to − 0.21; 35 studies; 47,499 participants), and body weight (MD: -1.59; 95% CI: − 2.95
to − 0.23; 17 studies; 35,023 participants) [45]. However,
prevention efforts often fail to significantly impact the
weight status of children and adolescents, suggesting the
need for multifactorial approaches and the involvement
of different stakeholders (families, schools, policymakers) in the decision-making process about intervention strategies to be implemented.
Pharmacological treatment

The 2017 Endocrine Society Guidelines suggest pharmacological treatment for adolescents, if a formal lifestyle
modification program fails to limit weight gain or to improve comorbidities [51]. However, the US Food and
Drug Administration has approved only two medications
for the treatment of obesity in adolescents: orlistat, a lipase inhibitor, for long-term use (for ages ≥12 years) and
phentermine, a norepinephrine reuptake inhibitor, for
short-term use (for ages ≥17 years) [52]. Until 2020, the
European Medicines Agency (EMA) had not approved
any pharmacotherapeutic agents for obesity in pediatric
patients. Table 1 provides a summary of the profile of
anti-obesity drugs approved for obesity in adolescents.
Orlistat reduces the absorption of approximately one
third of the fatty acids consumed by food through inhibition of gastrointestinal lipases. 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 0.55 kg/m2 with orlistat
and increased by 0.31 kg/m2 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 [52]. Of note, only 64% of
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Table 1 Approved medications for obesity in adolescents
Medication

Indication

Dosage Mechanism of
action

Side effects

Contraindications/ Weight loss in
warnings
adolescents

Approved Approved
by FDA
by EMA

Orlistat

Long-term
management
of obesity in
adolescents
12 years of
age and older

120 mg
three
times a
day
with
meals

Reduction of the
absorption of the
fatty acids
consumed by food
through inhibition
of gastrointestinal
lipases

Mostly
gastrointestinal
(flatulence; fecal
urgency/
incontinence;
fatty, oily stools),
generally of
mild-tomoderate
intensity.
Mineral
deficiency.
Rare but serious
associations of
hepatic and
renal illness with
orlistat use have
been described
in the product
brochure.

Chronic
malabsorption
syndrome,
cholestasis

BMI decreased by
0.55 kg/m2 at 12
months.
A reduction in BMI
of at least 5% was
observed in 26.5%
of participants in
the orlistat group
and 15.7%
participants in the
placebo group [52]

Yes

No

Phentermine Short-term
management
of obesity in
individuals >
16 years of
age

From
15 mg
to 37.5
mg
daily

Increase in
catecholamines and
serotonin activity in
the central nervous
system resulting in
appetite suppression

Increases in
heart rate and
blood pressure,
dry mouth,
insomnia,
constipation,
worsening
anxiety,
irritability

Cardiovascular
disease
hyperthyroidism,
active drug use,
glaucoma, agitated
states, pregnancy

BMI reduction of
4.1% at 6 months
[53]

Yes

No

Liraglutide

Starting
dose:
0,6 mg;
titration
up to 3
mg
daily

Glucagon-like
peptide (GLP)-1
analog inducing
weight loss through
increased insulin
secretion and
counteraction of
glucagon secretion
depending on blood
glucose levels,
induction of satiety
by slowing gastric
emptying, and
suppression of
appetite by acting
on the parts of the
central nervous
system affecting
food consumption

Gastrointestinal
events including
nausea,
vomiting, and
diarrhea

Reports of
pancreatitis,
cholelithiasis,
cholecystitis.
It should be used
with caution in
patients with
thyroid diseases.
Clinically significant
episodes of
hypoglycemia have
been reported in
adolescents treated
with liraglutide

Liraglutide superior Yes
to placebo with
regard to the
change from
baseline in the BMI
SDS at week 56
(estimated
difference, −0.22). A
reduction in BMI of
at least 5% was
observed in 43.3%
of participants in
the liraglutide group
and 18.7%
participants in the
placebo group [54]

Yes

Treatment of
obesity in
adolescence
(12–17 years)

participants in the control group and 65% in the orlistat
group completed the trial. The most common adverse
events in the orlistat group were gastrointestinal-related,
generally of mild to moderate intensity [55].
Phentermine increases catecholamines and serotonin
activity in the central nervous system, resulting in appetite suppression. The main studies evaluating phentermine for the treatment of obesity in adolescents were
from the 1960s, with scarce safety and efficacy data reported [53]. Increased blood pressure and heart rate are
common side effects [56]. The paucity of long-term data
for phentermine, along with its short-term use indication

represent an important limitation, considering the need
for chronic treatment of obesity.
In addition to the anti-obesity drugs, Metformin is approved by the US Food Drug Administration to treat
Type 2 Diabetes in children aged over 10 years. Several
studies conducted in obese children and adolescents
have shown a reduction in BMI after metformin therapy,
compared with the effects of lifestyle interventions alone
after 6 to 12 months [57]. In a meta-analysis of 38 studies including 2199 participants metformin significantly
reduced BMI [weighted mean difference (WMD): − 1.07
kg/m2; 95% confidence interval (CI): − 1.43 to − 0.72],
body weight (WMD: − 2.51 kg; 95% CI: − 3.14 to − 1.89),
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and waist circumference (WMD: − 1.93 cm; 95% CI: −
2.69 to − 1.16) [57]. In addition, Metformin has been
shown to improve cardiovascular risk profile and inflammatory biomarkers in obese children and adolescents
[58–60].
Commonly reported side effects are usually gastrointestinal, including bloating, diarrhea, and flatus, and
are not reported as serious, with a discontinuation rate
due to adverse events < 5% [56].
With limited options for antiobesity pharmacotherapy
in younger individuals, metformin is frequently used offlabel for adolescents [61].
In December 2020, Liraglutide has been approved for
the treatment of obesity in adolescence (12–17 years) by
FDA. On April 2021, the Committee for Medicinal
Products for Human Use (CHMP) under the European
Medicines Agency (EMA) has extended the use of Liraglutide for the treatment of obesity in adolescents aged
12–17 years. Therefore, this is the first EU-approved
treatment for obesity in adolescents. Liraglutide is a
glucagon-like peptide (GLP)-1 analog inducing weight
loss through different mechanisms: increased insulin secretion and counteraction of glucagon secretion depending on blood glucose levels, induction of satiety by
slowing gastric emptying, and suppression of appetite by
acting on the parts of the central nervous system affecting food consumption [62].
The efficacy and safety of Liraglutide in adolescents
were demonstrated in a randomized, double-blind trial,
enrolling 251 adolescents (12 to < 18 years of age) 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 subcutaneously once daily, in addition to lifestyle therapy [54]. Liraglutide was superior to placebo
with regard to the change from baseline in the BMI
standard-deviation score at week 56 (estimated difference, − 0.22; 95% CI, − 0.37 to − 0.08). A reduction in
BMI of at least 5% was observed in 43.3% of participants
in the liraglutide 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 [54].
Gastrointestinal events including nausea, vomiting, and
diarrhea, were the events most frequently reported with
liraglutide. Adverse events leading to discontinuation of
the trial treatment occurred in 13 (10.4%) participants in
the liraglutide group and none in the placebo group; in
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10 participants, discontinuation was due to gastrointestinal events.
Bariatric surgery

Bariatric surgery is an effective treatment for adolescents
with severe obesity. The Teen Longitudinal Assessment
of Bariatric Surgery (Teen-LABS) study reported 3-year
mean BMI reductions of 29% with Roux-en-Y gastric bypass and 27% with vertical sleeve gastrectomy among individuals aged 19 years or younger [63]. The BMI
reduction was largely sustained after 5-year in the Rouxen-Y gastric bypass group [63]. In a meta-analysis of 14
studies, 950 morbidly obese adolescents with a minimum of 3 years follow-up were studied. Laparoscopic
roux-en-Y gastric bypass (n = 453) and adjustable gastric
banding (n = 265) were the most common bariatric procedure performed. On average, patients lost 13.3 kg/m2
of their BMI. Among comorbidities, only diabetes mellitus resolved or improved dramatically. Of 108 readmissions, 91 led to reoperation. There was a weight regain
< 5 kg/m2 between 5 and 6 years of follow-up [64].
A larger meta-analysis included 49 studies with 3007
adolescents. The average preoperative age ranged from
13.9 to 19.9 years. Roux-en-Y gastric bypass (n = 1216),
laparoscopic adjustable gastric banding (n = 1028), and
laparoscopic sleeve gastrectomy (n = 665) were the most
common surgeries performed. At the longest follow-up
(range 12–120 months), bariatric surgery led to an overall 16.43 kg/m2 and 31% reduction in BMI. After 12
months from surgery, there were significant improvements in glycosylated hemoglobin, fasting blood insulin,
fasting blood glucose, total cholesterol, triglycerides,
high-density lipoprotein cholesterol, and low-density
lipoprotein cholesterol. The remission rate of dyslipidemia was 55%, 70%, and 95% at 1, 3, and > 5 years after
surgery [65].
Preliminary data suggest sustained benefits after up to
9 years in terms of weight loss and very high remission
rates for lipid parameters, uric acid, liver enzymes, prediabetes and diabetes [66].
Despite these positive findings, long-term safety and
effectiveness data in patients undergoing bariatric surgery during adolescence are still scarce. Risks of bariatric
surgery include the need for additional abdominal surgical procedures and specific micronutrient deficiencies
[63]. Several recognized post-operative complications
may require further operative procedures, particularly
symptomatic gallstone disease and small bowel obstruction. The rate of reoperation in the 5 years after RYGB
appears to be slightly higher in adolescents than that in
adults (20–25%) [67]. However, recent improvements in
operative technique and post-operative management
have led to substantial reductions in the major causes of
reoperation after bariatric surgery [67].
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In the FABS 5+ study, low iron and ferritin levels were
reported in around two-thirds of patients, while clinical
anemia was present in 46% [63]. Low vitamin D levels
were documented in 78% of participants. Similarly, in
the AMOS study, 61% of participants had iron deficiency
and 80% had vitamin D insufficiency at 5 years [68].
Among patients with poor adherence to prescribed supplements, deficiencies in vitamins.
A, B1, B6, and B12 and folate have also been described
[63].
Adolescents have been shown to experience also substantial decreases in bone mineral density [69]. These
findings deserve particular consideration in the light of
the described increased risk of bone fractures among
adults undergoing bariatric surgery [70].

Conclusions
Obesity during childhood and adolescence represent a
global health problem. Obesity in adolescence is associated with significant cardio-metabolic comorbidities and
biochemical alterations, including hypertension, dyslipidemia, dysglycemia and hyperinsulinemia, hyperuricemia,
MAFLD, and increased risk for Polycystic Ovary Syndrome (PCOS) in girls. Many obese adolescents remain
obese until adulthood, with a markedly increase in morbidity and mortality later in life.
Addressing obesity in adolescence is therefore an
important priority. Public health initiatives for primary prevention of obesity in children and adolescents remain the cornerstone to fight the continuous
rise of obesity prevalence. However, despite isolated
areas of improvement, no country to date has reversed its obesity epidemic [71]. To be effective, interventions at the population level require profound
changes to social and cultural norms, multi-sector initiatives, including government, education, health care,
marketing, and food and beverage industries, and interventions in different settings, such as schools,
worksites, and.
community. Lifestyle interventions and available
pharmacological treatments produce limited benefits,
and most effective and safe strategies for weight reduction are urgently needed. The portfolio of available treatment options is extremely limited: bariatric surgery is
only indicated for severe obesity and is not free from
complications, while pharmacological treatments currently available are only a few, with limited evidence of
long-term benefits. Hopefully, new pharmacological
treatments to add to lifestyle interventions can offer
more chances of success. Recently, the treatment with
GLP1 receptor agonist showed encouraging results in
adolescents with obesity and can help to reduce the clinical, social and economic burden of this condition.
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