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A 12-year-old boy with excessive weight gain that began when he was approximately 
6 years of age presents for evaluation of obesity. He occasionally rides his bicycle but 
spends more than 6 hours per day engaging in screen-based activities (e.g., video 
games and social media). He drinks sugary beverages every day and eats mostly pro-
cessed foods. His mother has obesity, and his maternal grandmother has type 2 dia-
betes. His body-mass index (BMI, the weight in kilograms divided by the square of 
the height in meters) is 41.9 (class 3 obesity, ≥140% of the 95th percentile for his age 
and sex). The fasting cholesterol level is 202 mg per deciliter (5.23 mmol per liter), 
low-density lipoprotein (LDL) cholesterol level 127 mg per deciliter (3.29 mmol per 
liter), triglyceride level 320 mg per deciliter (3.62 mmol per liter), and high-density 
lipoprotein (HDL) cholesterol level 43 mg per deciliter (1.11 mmol per liter). The 
glycated hemoglobin is 5.9% (6.8 mmol per liter), which is consistent with prediabe-
tes. The alanine aminotransferase level is 80 U per liter, with hepatic steatosis shown 
on ultrasonography. How would you manage this case?

The Clinic a l Problem

Obesity during adolescence (10 to 19 years of age) is associated 
with health consequences that include prediabetes and type 2 diabetes,1 
nonalcoholic fatty liver disease,2 dyslipidemia,3 polycystic ovary syndrome 

(PCOS),4 obstructive sleep apnea,5 and mental health disorders and social stigma.6 
In addition, obesity during adolescence is a risk factor for complications and death 
from coronary heart disease7,8 as well as for death from any cause in adulthood,8 
including early adulthood.9

In a study involving 2.3 million persons in Israel, BMIs in late adolescence that 
were between the 85th and 94th percentiles and above the 95th percentile were 
associated with hazard ratios for sudden death and for death from coronary heart 
disease or stroke during adulthood of 2.2 and 3.5, respectively.8 Although these 
associations were not adjusted for BMI in adulthood, other data indicate that de-
creasing adiposity between childhood and adulthood is associated with reductions 
in cardiometabolic risk factors.10 In addition, combined data from four prospective 
cohort studies showed that elevated BMIs in both childhood and adulthood were 
associated with increased relative risks for type 2 diabetes (relative risk, 5.4), hy-
pertension (relative risk, 2.7), elevated LDL cholesterol levels (relative risk, 1.8), and 
carotid artery atherosclerosis (relative risk, 1.7), whereas persons with elevated child-
hood BMI and normal adult BMI had risks for these conditions that were similar to 
those among persons with normal childhood and adult BMIs.10 These studies sup-
port the importance of diagnosis and treatment of obesity during childhood and 
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adolescence, as well as in adulthood, to reduce 
adverse health consequences.

The prevalence of obesity in adolescents has 
increased since the 1980s, most markedly in low-
income communities and communities of color, 
a difference that is at least in part attributable to 
structural racism and stigma (with negative at-
titudes creating social and economic obstacles 
to health).11 Among the social drivers of obesity 
is the marketing of unhealthy foods and drinks.12 
In the United States, the prevalence of obesity in 
the 2015–2016 period was 20.6% among adoles-
cents (as compared with 14.8% in the 1999–2000 
period) — 22.0% among non-Hispanic Black ado-
lescents and 25.8% among Hispanic adolescents, 
prevalences that are higher than those among 
both non-Hispanic White adolescents (14.1%) and 
non-Hispanic Asian adolescents (11.0%).13

Rates of weight gain accelerated during the 
coronavirus 2019 (Covid-19) pandemic; a retro-
spective cohort study in California showed an 
absolute increase in the prevalence of overweight 
or obesity of 5.2 percentage points among 12-to-
15-year-olds and 3.1 percentage points among 
16-to-17-year-olds during the first year of the pan-
demic.14 Moreover, obesity is among the most 
common underlying conditions for Covid-19– 
associated death in persons younger than 21 
years of age.15 Obesity interventions are needed 
to improve health in adolescence and beyond.

S tr ategies a nd E v idence

Assessment

BMI is strongly associated with adiposity and is 
a useful clinical tool for assessing overweight and 

obesity, although its use has limitations.16 High-
er BMI in some cases reflects increased lean 
body mass, and in Asian populations, adiposity 
is increased at lower BMI levels.17 In adolescents, 
a BMI at or above the 85th percentile but below 
the 95th percentile is diagnostic of overweight, 
and a BMI at or above the 95th percentile is di-
agnostic of obesity.18 Class 1 obesity is defined 
as a BMI at or above the 95th percentile up to 
119% of the 95th percentile, class 2 obesity is a 
BMI at or above 120% of the 95th percentile up 
to 139% of the 95th percentile, and class 3 is a 
BMI at or above 140% of the 95th percentile.18 As 
an adolescent’s final height is reached, adult 
thresholds for overweight (BMI, 25) and obesity 
(BMI, 30) apply. Severe obesity in children is 
defined as class 2 or 3 obesity or a BMI of 35 or 
higher.16,18

An evaluation of obesity in an adolescent in-
cludes complete medical and medication histo-
ries and a family history. The evaluation should 
include an assessment of obesity-related diseases 
and lifestyle factors as well as environmental and 
social factors, a psychosocial assessment that 
includes screening for depression (with the use 
of the Patient Health Questionnaire-9 for Teens), 
and a physical examination (Table 1).3,18-21 Elicit-
ing a family history of obesity-related conditions, 
including premature deaths due to cardiovascular 
disease or stroke, is important for assessment 
and discussion of familial risk.3

Laboratory Assessment

Table 2 shows recommendations for laboratory 
tests in adolescents with obesity, including screen-
ing for dyslipidemia3 and fatty liver disease.2 Con-

Key Clinical Points

Obesity in Adolescents

• Adolescent patients with obesity benefit from evaluation and follow-up according to a long-term care 
model with attention to and understanding of the societal stigma and pervasive weight bias that exists 
around obesity.

• Obesity during adolescence is associated with a substantial increase in the risk of concurrent and later 
health consequences that should be evaluated and treated expediently.

• Intensive treatment with regard to health behavior and lifestyle, with at least 26 hours of face-to-face 
treatment over a period of at least 3 months, is a foundational aspect of the comprehensive treatment 
of obesity.

• The elimination of sugar-sweetened beverages from the patient’s diet is strongly recommended.
• The use of antiobesity medications or bariatric surgery (or both) along with intensive treatment with 

regard to health behavior and lifestyle results in a greater reduction in body-mass index than lifestyle 
treatment alone and should be discussed with families, along with the caveats that weight regain is 
common, data regarding long-term outcomes are lacking, and these treatments are expensive.
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Table 1. Clinical Assessment of Adolescents with Overweight or Obesity.*

Anthropometric characteristics

BMI and growth velocity according to a growth chart16

Class of obesity according to BMI

Class 1: 95th percentile to <120% of 95th percentile

Class 2: 120 to <140% of 95th percentile

Class 3: ≥140% of 95th percentile

Stature and growth status

Medical history and medications

Birth history — maternal diabetes, patient large or small for gestational age

Growth history — monogenic obesity (<5 yr of age with insatiable appetite), failure to thrive in infancy (the Prader–
Willi syndrome)

Central nervous system injury and hypothalamic tumors

Medications associated with weight gain (e.g., atypical antipsychotic agents, glucocorticoids, and others)

Depression, anxiety, and ADHD

Adverse childhood events and food insecurity19

Conditions and findings that may indicate the possibility of rare genetic disorders: hypogonadotropic hypogonadism, 
hypothyroidism, and altered immune function (leptin deficiency or leptin receptor mutation); corticotropin 
deficiency (POMC deficiency); visual impairment, learning disabilities, and polydactyly (the Bardet–Biedl syn-
drome); hearing loss, cardiomyopathy, hepatic dysfunction, and renal failure (the Alstrom syndrome); and fail-
ure to thrive in infancy, hypoglycemia, corticotropin deficiency, intestinal malabsorption, and diarrhea (PCSK1 
deficiency)20

Family history (first- and second-degree relatives)

Familial obesity, weight-loss strategies, bariatric surgery, and associated conditions

Diet

Quantification of consumption of sugar-sweetened beverage and juice

Habitual eating patterns, locations, and foods and portions; strategies for weight loss

Physical activity and sedentary behaviors

Sedentary activities and all moderate-to-vigorous physical activity

Systemic conditions and possible causes

Developmental — delays associated with genetic syndromes

Neurologic — headaches attributable to pseudotumor cerebri or poor-quality sleep

Respiratory — shortness of breath with or without wheezing (physical deconditioning or asthma)

Sleep — snoring, apnea, nocturnal enuresis, daytime sleepiness, ADHD (obstructive sleep apnea or poor-quality sleep)

Gastrointestinal — abdominal pain (constipation; gallbladder, liver, or gastroesophageal reflux disease)

Endocrine — irregular menses (PCOS), polyuria–polydipsia–nocturia (type 2 diabetes), hypogonadism (genetic syn-
drome)

Musculoskeletal — hip pain with or without limp (slipped capital femoral epiphysis)

Psychological — binge eating, rapid weight loss or weight cycling, purging, depression, or anxiety

Physical examination

Blood pressure — standardized according to sex, age, and height until 18 yr of age21

Dysmorphic features (genetic syndrome)

Papilledema (pseudotumor cerebri), rod–cone dystrophy (the Bardet–Biedl syndrome)

Thyromegaly or goiter (hypothyroidism)

Hepatomegaly (nonalcoholic fatty liver disease)

Undescended testes or delayed puberty (hypogonadism, genetic disorder)

Musculoskeletal — bowed legs (Blount disease), limp (slipped capital femoral epiphysis), polydactyly (the Bardet–
Biedl syndrome)

Skin — acanthosis nigricans (insulin resistance), hirsutism or severe acne or both (PCOS), red hair and light skin 
(POMC deficiency)

*  ADHD denotes attention deficit–hyperactivity disorder PCOS polycystic ovary syndrome, PCSK1 proprotein convertase 
subtilisin/kexin type 1, and POMC proopiomelanocortin.
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sistent with guidelines of the Pediatric Endocrine 
Society and the American Diabetes Association, 
screening for type 2 diabetes is recommended in 
adolescents who have BMI at or above the 85th 
percentile and one additional risk factor: family 
history of type 2 diabetes in a first- or second-
degree relative, non-White race or ethnic group, 
physical signs or conditions associated with in-
sulin resistance (e.g., acanthosis nigricans, hy-
pertension, dyslipidemia characterized by low 
levels of HDL cholesterol and high levels of tri-
glycerides, and PCOS), gestation complicated by 
diabetes, or intrauterine growth restriction.22,23 
The possibility of autoimmune type 1 diabetes 
against the backdrop of obesity should be con-
sidered, and measurement of diabetes-associated 
antibodies against glutamic acid decarboxylase, 
insulinoma-associated protein 2, and zinc trans-
porter 8 is recommended.23 Criteria for the diag-
nosis of diabetes and prediabetes are shown in 
Table 2. Glycated hemoglobin testing is a poor 
predictor of elevated fasting glucose levels and 
2-hour results of an oral glucose-tolerance test 
and may be insufficient to diagnose early type 2 
diabetes or accurately reflect prediabetes.25 In 
patients with multiple risk factors for type 2 
diabetes and a glycated hemoglobin level of 
5.7% to less than 6.5% (6.5 to <7.8 mmol per 
liter), an oral glucose-tolerance test is useful for 
detection of early type 2 diabetes.22

Additional evaluations rely on clinical find-
ings (Table 2).4,5 Persistently elevated levels of 
liver enzymes (for >3 months) may prompt 
further evaluation for nonalcoholic fatty liver 
disease.2 Laboratory evaluations for endocrine 
disorders that are associated with increased 
adiposity, including hypothyroidism and Cush-
ing’s syndrome, are not recommended unless 
there is growth attenuation or other clinical in-
dications. In addition, the measurement of insu-
lin concentrations to evaluate insulin resistance 
adds no diagnostic value and is not recommend-
ed. The diagnosis of suspected genetic obesity 
syndromes requires medical genetics evaluation 
and often additional workup, including karyo-
type analysis and DNA methylation studies.20 
Although only a small percentage of cases of 
pediatric obesity are attributable to a mono-
genic cause, testing for monogenic causes of 
obesity is indicated in cases of insatiable appe-
tite and severe obesity in children younger than 
5 years of age.

Management

Management of obesity in adolescents should 
use a multidisciplinary long-term care model 
that includes attention to lifestyle modification 
and consideration of pharmacologic and bariat-
ric surgical therapies (Tables 3 and 4).18 Com-
munication should be considerate of the stigma 
associated with the term “obesity,” and the use 
of person-first language (i.e., “person with obe-
sity” rather than “obese person”) and preferred 
terms such as “too much weight for age (or health 
or height)” is important.6,18 Motivational inter-
viewing may be useful as part of a multidisci-
plinary approach; a meta-analysis of 11 random-
ized trials assessing the use of this technique in 
adolescents with obesity indicated some positive 
effects on nutrition, physical activity, and quality 
of life, although with no significant reductions 
in BMI or cardiometabolic outcomes.27 Patients 
with symptoms of depression or other mental 
health disorders should be referred to a behav-
ioral health provider.

Lifestyle Interventions
Summary data from randomized, controlled tri-
als of lifestyle treatment approaches indicate that 
interventions that offered at least 26 hours of 
face-to-face counseling regarding nutrition, phys-
ical activity, and lifestyle recommendations re-
sulted in, on average, modest but clinically impor-
tant changes in the mean BMI z score (at least 
−0.15 to −0.25; the z score represents the num-
ber of standard deviations by which the BMI 
differs from the mean in a reference sex- and 
age-matched population). Evidence was not ade-
quate to support the recommendation of treat-
ment with less intensive interventions (Table 3).28

Dietary Interventions
Sugar-sweetened beverages, the leading source 
of added sugars in the diets of children and ado-
lescents in the United States, contribute to obesity 
and additional health risks in adolescents and 
should be eliminated from the diet, given that 
such beverages lack any nutritional value.29 A 
meta-analysis of prospective observational stud-
ies indicated that over the course of 1 year, each 
additional 12-oz (0.35-liter) daily serving of 
sugar-sweetened beverage was associated with a 
BMI increase of 0.06 (95% confidence interval, 
0.02 to 0.10, as calculated with the use of a 
random-effects model).30
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Dietary patterns that emphasize plant-based 
foods (i.e., vegetables, fruits, and whole grains), 
lean sources of protein, high fiber intake, and 
low consumption of saturated fat are associated 
with better cardiometabolic risk profiles. Keto-
genic diets, which are used for treating some 
seizure disorders in children, have been incorpo-
rated in some obesity treatment programs for 
adolescents and have shown short-term safety 
and efficacy (weight loss of 7 to 9% of the base-
line body weight at 3 to 4 months of follow-up).31 
However, these programs have substantial attri-
tion, and there are insufficient data to inform 
long-term outcomes with these diets or with 
low-carbohydrate diets in adolescents.

Supervised marked caloric restriction (very-
low-calorie diets) for weight loss in adolescents 
is not recommended. Studies have shown mixed 
results with the use of these diets; weight regain 
is typical,32 and there are concerns regarding 
long-term acceptability and safety, including risks 
of eating disorders, electrolyte or other metabolic 
disturbances, vitamin and mineral deficiencies, 
and adverse psychological effect.33 Although so-
cial emphasis on patient-imposed restrictive di-
eting behaviors is associated with a risk of dis-
ordered eating, supervised multidisciplinary weight 
management and treatment of obesity with on-

going support from a pediatrician, pediatric di-
etician, and mental health professional are not 
associated with an increased risk of eating dis-
orders.34

Physical Activity Interventions
Dose–response studies of physical activity in 
adolescents indicate that benefits with regard to 
adiposity and cardiorespiratory and cardiometa-
bolic measurements are observed with a daily 
average of 60 minutes of physical activity at a 
moderate-to-vigorous level of intensity.26 Ran-
domized trials of supervised interventions of 
shorter durations of moderate-to-vigorous aero-
bic exercise or combined aerobic and strength 
training (median, 3 days per week for 40 min-
utes per session) have also been shown to result 
in clinically significant cardiometabolic benefit 
and reductions in percent body fat (by approxi-
mately 5 to 6%).35,36

Multidisciplinary Interventions
A review of 28 randomized, controlled trials of 
multidisciplinary interventions of varying con-
tent (combinations of diet, physical activity, and 
behavior modification) and duration without phar-
macotherapy in 2774 adolescents with obesity indi-
cated only limited efficacy, with a mean differ-

Table 3. Management of Obesity in Adolescents.

Nutrition recommendations18

Eliminate sugar-sweetened beverages and juices and decrease highly processed foods (e.g., fast foods) and snacks

Follow dietary patterns that emphasize plant-based foods (e.g., vegetables, fruits, whole grains), lean sources of protein, 
high levels of fiber, and low levels of saturated fat

Eat regular meals, avoid snacking, and control portion sizes; parents should role-model eating behaviors, preparing 
meals at home, and eating together; avoid having calorically dense, nutritionally empty foods at home

Sedentary behavior and physical activity recommendations26

≤2 Hr per day of screen time outside of school and work

60 Min of moderate-to-vigorous physical activity daily

Antiobesity medications

In adolescents ≥12 years of age, consider use of antiobesity medication, according to medication indications, risks, and 
benefits, as an adjunct to health behavior and lifestyle treatment

Bariatric surgery18

Consider in adolescents ≥13 years of age with severe obesity: class 2 obesity, BMI ≥35, or 120% of the 95th percentile 
for age and sex, whichever is lower, and a clinically significant coexisting condition; or class 3 obesity, BMI ≥40, or 
140% of the 95th percentile for age and sex, whichever is lower, with or without a clinically significant coexisting 
condition

Ensure that adolescents are able to adhere to principles of dietary and medical recommendations and do not have an 
eating disorder

Refer to a center with a surgeon experienced in pediatric bariatric surgery and a comprehensive, multidisciplinary pro-
gram for presurgical, surgical, and postsurgical care with long-term follow-up

n engl j med 389;3 nejm.org July 20, 2023 



n engl j med 389;3 nejm.org July 20, 2023 257

Clinical Pr actice

Ta
bl

e 
4.

 A
pp

ro
ve

d 
A

nt
io

be
si

ty
 M

ed
ic

at
io

ns
 fo

r 
U

se
 w

ith
 In

te
ns

iv
e 

H
ea

lth
 B

eh
av

io
r 

an
d 

Li
fe

st
yl

e 
Th

er
ap

y.
*

M
ed

ic
at

io
n

A
ge

 fo
r 

U
se

M
ec

ha
ni

sm
D

os
e

C
om

m
on

 S
id

e 
Ef

fe
ct

s
Se

ri
ou

s 
A

dv
er

se
 E

ve
nt

s 
an

d 
C

on
tr

ai
nd

ic
at

io
ns

yr

O
rl

is
ta

t
≥1

2
Li

pa
se

 in
hi

bi
to

r
12

0 
m

g 
(o

ra
l)

 3
 ti

m
es

 d
ai

ly
 w

ith
 m

ea
ls

B
ow

el
 u

rg
en

cy
, f

la
tu

le
nc

e 
w

ith
 

di
sc

ha
rg

e,
 o

ily
 s

to
ol

s,
 a

nd
 

re
ct

al
 le

ak
ag

e

Fa
t-

so
lu

bl
e 

vi
ta

m
in

 d
ef

ic
ie

nc
ie

s

Ph
en

te
rm

in
e

≥1
6

A
m

ph
et

am
in

e 
an

al
og

ue
, 

in
cr

ea
se

s 
ca

te
ch

ol
-

am
in

es
 a

nd
 s

er
ot

on
in

 
ac

tiv
ity

, s
up

pr
es

se
s 

ap
pe

tit
e

D
ai

ly
 d

os
e 

(o
ra

l)
, 1

5–
37

.5
 m

g;
 s

ho
rt

-t
er

m
 

us
e 

(≤
12

 w
k)

H
ea

da
ch

e,
 n

au
se

a,
 p

al
pi

ta
tio

ns
, 

el
ev

at
ed

 b
lo

od
 p

re
ss

ur
e,

 
re

st
le

ss
ne

ss
, d

iz
zi

ne
ss

, 
in

so
m

ni
a

D
o 

no
t u

se
 if

 th
er

e 
is

 a
 h

is
to

ry
 o

f c
ar

di
o-

va
sc

ul
ar

 d
is

ea
se

, w
ith

 o
r 

af
te

r 
us

e 
of

 
M

A
O

 in
hi

bi
to

rs
, w

ith
 u

nc
on

tr
ol

le
d 

hy
-

pe
rt

en
si

on
, o

r 
w

ith
 h

yp
er

th
yr

oi
di

sm

Ph
en

te
rm

in
e–

to
pi

ra
m

at
e 

X
R

≥1
2

Sa
m

e 
m

ec
ha

ni
sm

s 
as

 
ph

en
te

rm
in

e;
 to

pi
ra

-
m

at
e 

is
 a

n 
an

tic
on

vu
l-

sa
nt

 w
ith

 w
ei

gh
t-

lo
ss

 
si

de
 e

ffe
ct

s

D
ai

ly
 d

os
e 

(o
ra

l)
: i

ni
tia

l 3
.7

5 
m

g 
ph

en
te

r-
m

in
e 

an
d 

23
 m

g 
to

pi
ra

m
at

e 
X

R
 fo

r 
2 

w
k;

 in
cr

ea
se

 (
as

 s
id

e-
ef

fe
ct

 p
ro

fil
e 

in
di

-
ca

te
s)

 to
 7

.5
 m

g 
an

d 
46

 m
g;

 if
 w

ei
gh

t 
lo

ss
 <

3%
 a

ft
er

 1
2 

w
k,

 in
cr

ea
se

 (
as

 
si

de
-e

ffe
ct

 p
ro

fil
e 

in
di

ca
te

s)
 to

 1
1.

25
 

m
g 

an
d 

69
 m

g,
 th

en
 to

 1
5 

m
g 

an
d 

92
 

m
g;

 m
us

t w
ea

n 
to

 d
ec

re
as

e 
do

se
 o

r 
di

sc
on

tin
ue

H
ea

da
ch

e,
 n

au
se

a,
 p

al
pi

ta
tio

ns
, 

el
ev

at
ed

 b
lo

od
 p

re
ss

ur
e,

 
re

st
le

ss
ne

ss
, d

iz
zi

ne
ss

, 
in

so
m

ni
a

Sa
m

e 
co

nt
ra

in
di

ca
tio

ns
 a

s 
ph

en
te

rm
in

e;
 

te
ra

to
ge

n,
 s

o 
m

us
t u

se
 r

el
ia

bl
e 

bi
rt

h 
co

nt
ro

l. 
U

se
 w

ith
 c

au
tio

n 
w

ith
 h

is
to

ry
 

of
 s

ei
zu

re
s,

 r
en

al
 s

to
ne

s,
 o

r 
de

pr
es

-
si

on
.

Li
ra

gl
ut

id
e

≥1
2

G
LP

-1
 r

ec
ep

to
r 

ag
on

is
t; 

de
la

ye
d 

ga
st

ri
c 

em
pt

yi
ng

, i
nc

re
as

ed
 

sa
tie

ty
 r

es
po

ns
e,

 d
e-

cr
ea

se
d 

ap
pe

tit
e

D
ai

ly
 d

os
e 

(s
ub

cu
ta

ne
ou

s 
ad

m
in

is
tr

a-
tio

n)
: i

ni
tia

l, 
0.

6 
m

g 
fo

r 
1 

w
k;

 in
cr

ea
se

 
at

 w
ee

kl
y 

in
te

rv
al

s,
 a

s 
si

de
-e

ffe
ct

 
pr

of
ile

 in
di

ca
te

s,
 in

 in
cr

em
en

ts
 o

f 0
.6

 
m

g 
pe

r 
da

y 
to

 a
 ta

rg
et

 d
os

e 
of

 3
 m

g 
on

ce
 d

ai
ly

G
as

tr
oi

nt
es

tin
al

 s
ym

pt
om

s:
 

di
ar

rh
ea

, n
au

se
a,

 v
om

iti
ng

, 
co

ns
tip

at
io

n,
 d

ys
pe

ps
ia

, 
ab

do
m

in
al

 p
ai

n

B
la

ck
-b

ox
 w

ar
ni

ng
: r

is
k 

of
 th

yr
oi

d 
C

-c
el

l 
tu

m
or

s.
 T

hy
ro

id
 C

-c
el

l t
um

or
s 

in
 r

o-
de

nt
s;

 c
on

tr
ai

nd
ic

at
ed

 in
 p

at
ie

nt
s 

w
ith

 
a 

pe
rs

on
al

 o
r 

fa
m

ily
 h

is
to

ry
 o

f m
ed

ul
-

la
ry

 th
yr

oi
d 

ca
rc

in
om

a;
 in

 p
at

ie
nt

s 
w

ith
 a

cu
te

 k
id

ne
y 

in
ju

ry
, g

al
lb

la
dd

er
 

di
se

as
e,

 o
r 

a 
hi

st
or

y 
of

 p
an

cr
ea

tit
is

Se
m

ag
lu

tid
e

≥1
2

G
LP

-1
 r

ec
ep

to
r 

ag
on

is
t; 

de
la

ye
d 

ga
st

ri
c 

em
pt

yi
ng

, i
nc

re
as

ed
 

sa
tie

ty
 r

es
po

ns
e,

 d
e-

cr
ea

se
d 

ap
pe

tit
e

W
ee

kl
y 

do
se

 (
su

bc
ut

an
eo

us
 a

dm
in

is
tr

a-
tio

n)
: i

ni
tia

l, 
0.

25
 m

g 
on

ce
 w

ee
kl

y 
fo

r 
4 

w
k;

 a
dj

us
t d

os
e 

(a
s 

si
de

-e
ffe

ct
 p

ro
fil

e 
in

di
ca

te
s)

 o
ve

r 
4 

w
k 

(0
.5

 m
g,

 1
 m

g,
 1

.7
 

m
g,

 a
nd

 2
.4

 m
g)

 to
 e

ffe
ct

G
as

tr
oi

nt
es

tin
al

 s
ym

pt
om

s:
 

di
ar

rh
ea

, n
au

se
a,

 v
om

iti
ng

, 
co

ns
tip

at
io

n,
 d

ys
pe

ps
ia

, 
ab

do
m

in
al

 p
ai

n

B
la

ck
-b

ox
 w

ar
ni

ng
: r

is
k 

of
 th

yr
oi

d 
C

-c
el

l 
tu

m
or

s.
 T

hy
ro

id
 C

-c
el

l t
um

or
s 

in
 r

o-
de

nt
s;

 c
on

tr
ai

nd
ic

at
ed

 in
 p

at
ie

nt
s 

w
ith

 
a 

pe
rs

on
al

 o
r 

fa
m

ily
 h

is
to

ry
 o

f m
ed

ul
-

la
ry

 th
yr

oi
d 

ca
rc

in
om

a;
 in

 p
at

ie
nt

s 
w

ith
 a

cu
te

 k
id

ne
y 

in
ju

ry
, g

al
lb

la
dd

er
 

di
se

as
e,

 o
r 

a 
hi

st
or

y 
of

 p
an

cr
ea

tit
is

Se
tm

el
an

ot
id

e†
≥6

M
el

an
oc

or
tin

 r
ec

ep
to

r 
ag

on
is

t; 
in

cr
ea

se
d 

sa
tie

ty

D
ai

ly
 d

os
e 

va
ri

es
 a

cc
or

di
ng

 to
 a

ge
 (

0.
5 

to
 

3 
m

g)
 a

nd
 is

 a
dj

us
te

d 
to

 e
ffe

ct
Sk

in
 h

yp
er

pi
gm

en
ta

tio
n,

 g
as

tr
o-

in
te

st
in

al
 s

ym
pt

om
s,

 d
er

m
a-

to
lo

gi
c 

ad
ve

rs
e 

ev
en

ts

D
ep

re
ss

io
n,

 s
ui

ci
da

l i
de

at
io

n,
 a

dv
er

se
 

se
xu

al
 r

ea
ct

io
ns

 (
pr

ol
on

ge
d 

sp
on

ta
ne

-
ou

s 
er

ec
tio

ns
)

* 
 G

LP
-1

 d
en

ot
es

 g
lu

ca
go

n-
lik

e 
pe

pt
id

e 
1,

 M
A

O
 m

on
oa

m
in

e 
ox

id
as

e,
 a

nd
 X

R
 e

xt
en

de
d 

re
le

as
e.

†
  S

et
m

el
an

ot
id

e 
is

 a
pp

ro
ve

d 
fo

r 
us

e 
in

 a
do

le
sc

en
ts

 w
ith

 P
O

M
C

, P
C

SK
1,

 le
pt

in
 r

ec
ep

to
r 

de
fic

ie
nc

y,
 o

r 
B

ar
de

t–
B

ie
dl

 s
yn

dr
om

e.



  258

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

ence in BMI of 1.18 with intervention as compared 
with control after at least 6 months of follow-
up.37 Although participants reported high levels 
of satisfaction with the interventions and im-
proved quality of life, the potential effect of re-
porting bias, attrition, and variable adherence on 
overall outcomes of multidisciplinary interven-
tions is difficult to assess.

Antiobesity Medications
The addition of approved weight-loss medications 
has improved the outcomes of multidisciplinary 
weight-loss programs in clinical trials.38-40 Anti-
obesity medications that have been approved by 
the Food and Drug Administration for use in 
adolescents are shown in Table 4. Orlistat, a li-
pase inhibitor, is associated with flatus, oily 
spotting, and fecal urgency and incontinence 
— side effects that limit use in adolescents.41 
Phentermine, an amphetamine analogue that 
suppresses appetite, is approved for short-term 
use (≤12 weeks) in adolescents older than 16 years 
of age and is approved in combination with topi-
ramate in adolescents at least 12 years of age 
when accompanied by counseling that topira-
mate is a teratogen and information regarding 
appropriate contraception.40,42

Randomized, placebo-controlled trials have 
shown the effectiveness of two glucagon-like 
peptide 1 (GLP-1) receptor agonists — liraglu-
tide and semaglutide — in adolescents when 
combined with lifestyle therapy. In one placebo-
controlled trial, liraglutide (administered subcu-
taneously at a dose of 3 mg daily) resulted in a 
greater reduction in the BMI (estimated differ-
ence, −4.6%) and body weight (estimated differ-
ence, −4.5 kg) at 56 weeks of treatment.38 In 
another placebo-controlled trial, semaglutide (ad-
ministered subcutaneously at a dose of 2.4 mg 
once weekly) resulted in greater reduction in BMI 
(−16.7%) and body weight (−17.7 kg) at 68 weeks, 
as well as greater reductions in waist circumfer-
ence and levels of glycated hemoglobin, lipids 
(except HDL), and alanine aminotransferase.39 
Both agents are approved for indefinite use in 
adolescents 12 years of age and older. The major 
adverse effects are gastrointestinal symptoms; 
key contraindications include a personal or fam-
ily history of medullary thyroid carcinoma, acute 
kidney injury, gallbladder disease, or pancreatitis.

Metformin is frequently administered off-label 
for obesity in adolescents. In a meta-analysis of 
38 randomized trials involving children or ado-
lescents (2199 participants; mean age, 13.7 years; 
daily dose range, 500 to 3000 mg; duration, 12 
to 192 weeks), metformin reduced the mean BMI 
by 1.1 as compared with controls.43 Topiramate, 
an anticonvulsant that is used for migraine pro-
phylaxis, is also prescribed off-label for obesity 
after observations of dose-dependent weight re-
duction as a side effect among patients who re-
ceived it.40

There is insufficient evidence to support anti-
obesity medication as monotherapy in adolescents 
without a multidisciplinary treatment strategy. 
Given the chronic nature of obesity, BMI is ex-
pected to increase after discontinuation of anti-
obesity medications. After participants had a 
6-month withdrawal from liraglutide in a ran-
domized trial of liraglutide, the difference in the 
BMI from baseline was less than 2%.38 Because 
antiobesity medications are associated with sub-
stantial cost, adverse effects, and a still-uncer-
tain benefit–risk ratio over the long term, dis-
continuation of the medication is suggested if 
there is no BMI reduction after administration at 
therapeutic dose levels for 4 months. A trial of a 
different medication may be considered.

Bariatric Surgery
In a cohort study involving adolescents, bariatric 
surgery (Roux-en-Y gastric bypass and vertical 
sleeve gastrectomy) was associated with weight 
loss of approximately 26% of the baseline body 
weight at 5 years (Table 3).44 Remission rates 5 
years after surgery were approximately 86% for 
type 2 diabetes and 68% for hypertension.44 A 
randomized, controlled trial of surgical treat-
ment as compared with nonsurgical treatment 
(8 weeks of low-calorie diet) in Sweden showed 
a 2-year change in BMI of −12.6 and −0.2, re-
spectively.45

Most postsurgical complications are mild, but 
up to 8% of adolescents have major perioperative 
complications.44 Long-term complications include 
deficiencies in nutrients (e.g., iron, vitamin B12, 
and folate), reduced bone mass, and weight re-
gain.44 The incidence of alcohol-use disorders 
has also been reported to be higher among ado-
lescents after metabolic and bariatric surgery,46 
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although whether the disorders occur more com-
monly in adolescents with obesity who undergo 
surgery than in those who do not is unclear. 
Weight regain after surgery varies; approximate-
ly 60% of adolescents who were followed for  
5 years after undergoing gastric bypass main-
tained a reduction from the baseline body weight 
of at least 20%, whereas 8% regained at least 
95% of the initial weight lost.44 Important pre-
dictors of weight regain among adolescents after 
surgery include younger age and lack of presur-
gical weight loss.47

A r e a s of Uncerta in t y

Questions remain with regard to why the preva-
lence of obesity continues to increase and the 
effects of environmental drivers (e.g., pollution 
and polyfluoroalkyl substances). The extent to 
which the increasing use of antiobesity medica-
tions (including more potent medications, such 
as dual-agonist peptides [tirzepatide], that are 
currently being investigated) and bariatric sur-
gery for obesity during adolescence will increase 
the proportion of adolescents who reach and 
maintain reduced BMIs is unknown, given the 
substantial weight regain that occurs when anti-
obesity medications are discontinued for any 
reason. Lifelong treatment of obesity is needed 
but is burdensome and cost-prohibitive, with 
disparities in access. Long-term data regarding 
treatment effectiveness and safety, including 
mental health outcomes, are needed to deter-
mine cost–benefit ratios. More attention to pub-
lic health interventions (e.g., policies to discour-
age sugar-sweetened beverages) and community 
strategies (e.g., infrastructure for safe, healthy 
environments and community coalitions) is need-
ed to reduce obesity in children and adolescents.

Guidelines

Consensus recommendations for the assessment, 
treatment, and prevention of obesity are endorsed 

by the Pediatric Endocrine Society and the Euro-
pean Society of Endocrinology.22 The American 
Academy of Pediatrics recently published clinical 
practice guidelines that highlight the urgency of 
providing obesity treatment (≥26 hours of con-
sultation for health behavior and lifestyle chang-
es, with consideration of antiobesity medica-
tions as indicated) to each patient as soon as the 
diagnosis of obesity is made.18 Our recommen-
dations are consistent with these guidelines, with 
the acknowledgment that the costs and limited 
access to these therapies and the inadequacy of 
long-term outcomes data for medication use are 
major barriers.

Conclusions a nd 
R ecommendations

The patient described in the vignette has severe 
obesity that started at 6 years of age and in the 
ensuing 6 years progressed to include coexisting 
conditions such as prediabetes, dyslipidemia, and 
nonalcoholic fatty liver disease. Had we seen 
him at 6 years of age, we would have recom-
mended intensive lifestyle intervention; to date, 
there are no approved antiobesity medications 
for children younger than 12 years of age. At 
this time, we would recommend intensive life-
style intervention together with an antiobesity 
medication selected according to patient prefer-
ence and weight-loss effect; currently, a GLP-1 
receptor agonist would be the medication of 
choice given the effectiveness of these agents in 
clinical trials and the ease of administration. He 
should have follow-up visits every 3 months for 
surveillance of BMI and assessment of condi-
tions associated with obesity and should receive 
treatment as needed. If surgical intervention is 
indicated in the future, he should be informed 
of the option for referral for evaluation for bar-
iatric surgery at a comprehensive multidisciplinary 
pediatric center.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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