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/Abstract A

Background: Earlier development of overweight and obesity represents an increased risk  factor  for
development of comorbidities. Adolescent bariatric surgery is a sensitive and controversial topic in medical, social, psychological
point of views.

Materials and Methods: We performed a literature review on PubMed, Cochrane, Medline and Google Scholar database to
identify the publications who concerns bariatric surgery in adolescents and the multidisciplinary team management of obesity
at young age.

Discussion: Obesity at young age has more that heath consequences. At this age, adolescents are concerned not only about
the long term health impact of obesity but particularly about the aesthetic aspect, social image, their social relations and their
integration in society or in a group of friends. The follow up should be by performed a multidisciplinary team composed by
surgeon, paediatrician, mental health professionals, general practitioner and the family as a complementary support. Negative
points associated with bariatric surgery in adolescence, besides includes micronutrient deficiencies are also reoperation. The
surgery must be well weighed before posing the operative indication.

Conclusion: Bariatric surgery has emerged as the most effective short-term weight loss strategy for adults with severe obesity,
but its role in adolescents is still being defined. A good selection of the patients and a close follow are indispensable for a good
postoperative result, and the operative indication must be more conservative than for the adults. )

Background early adolescence carries with it higher-risk for adult morbidity.
The adolescent is also victim of the social stigmatization because
of the obesity. Bariatric surgery for severe obesity is presents a
clear benefit in term of weight loss and comorbidities reduction.
Long-term results are not well-known or not very clear. The post-
operative complications or nutritional perturbation in adolescents
can be potentially dangerous for the future development of the
adult. The teenager can confront big challenges, behavioural and
psychological, specific for this period of transition before being an
adult. The primary concern for bariatric surgery at young age is an
increased risk for perioperative morbidity and mortality as every
surgery and some techniques are irreversible. These patients tend
to have more associated systemic comorbidities. In that period of
life the personality and the habits are not well defined and the ado-
lescent doesn’t have his total responsibility. Lack of evidence on

The puberty and young adulthood are high-risk times
for abnormal weight gain. Weight gain during early adoles-
cence carries with it higher-risk for adult morbidity. The in-
crease in the prevalence of overweight and obesity worldwide
is called by the World Health Organization (WHO) and Interna-
tional Association for the Study of Obesity (IASO) as “a cri-
sis in public health”. This phenomena is increasing in young
generation (1,2). Therefore, earlier development of over-
weight and obesity represents an increased risk fac-
tor for premature metabolic and/or cardiovascular dis-
cases in later life like premature mortality, coronary heart
disease, obstructive sleep apnoea, hypertension, dyslipidaemia, and
type 2 diabetes mellitus (5-7). The puberty and young adulthood
are high-risk times for abnormal weight gain. Weight gain during
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the safety of bariatric surgery in the young has led some third-party
payers and Medicare to deny bariatric surgery coverage to patients
under the age of 20 years.

Adolescent bariatric surgery is a sensitive and controversial
topic in medical, social, psychological point of views. The aim
of this study was to analyse contemporary outcomes of bariatric
surgery in the young and to compare them to previous data from
elderly patients, to define some criteria before the indication of the
surgery, to choose the technique that can be used for the patient.
To evaluate the surgical, psychological and social outcomes after
bariatric surgery in adolescent. Is the surgical approach in obese
adolescents a real alternative to the lifestyle changes and dietary
measures or just an unnecessary luxury? Does it have a positive
long-term effect on a young body? When should the team indicate
the surgery? What should be the approach in the multidisciplinary
follow up after bariatric surgery? We will try to answer those
questions and to find some light on the bariatric surgery in
adolescents’ field.

Material and Methods

A literature research was performed on databases like
PubMed, Cochrane, Medline and Google Scholar, to identify
the publication who concerns bariatric surgery in adolescents.
The publications that were selected were studies, reviews of
literature and meta-analysis after 2010. The studies with a follow
up less than 1 month, were not included and also the case reports
were not considered. The keywords of literature research were:
obesity in adolescent, bariatric surgery complication, follow-up,
preoperative assessment, multidisciplinary team. Priority on the
discussion and consideration had the studies on adolescent patients
who underwent bariatric surgery and we focused on the studies
completed by meta-analysis or reviews findings.

Discussions

Obesity is a worldwide health problem. In the last years a
new concern is rising in term of prevalence of obesity in childhood
and adolescence. Obesity in children and adolescents is defined
as a BMI-for-age/sex >95th percentile but < 120% of the 95th
percentile and “severe obesity” is BMI-for-age/sex > 120% of
the 95th percentile [1]. 170 million children are currently with
overweight globally. In US children, the prevalence passed from
6% in 1980 to 18.5% in 2016. In European countries the obesity
of this group of age is also increasing. The obesity is associated
with low-income families, with important quantitative but less
qualitative intake of food [2]. There are also social factors that
influence this type of food like the persuasive effect of commercials
and social media influence. Risk factors for obesity are recognized
as are carbohydrate oxidation rate that is independent of the
volume of the carbohydrates intake, insulin resistance, glycaemic
profile and the morphologic type of the patient [3]. Globally the

obesity increase the risk for hypertension, dyslipidaemia, insulin
resistance and type 2 diabetes, Non-alcoholic fatty liver disease
(NASH), and orthopaedic disorders but also depression, anxiety,
binge- or loss-of-control eating [4].

Why metabolic surgery in adolescents?

Obesity at young age has more that heath consequences. It is
in discussion the wellbeing of a teenager who have the life before
and a future to build. At this age the adolescents are concerned
about the aesthetic aspect, social image, their social relations and
their integration in society or in a group of friends, more that the
long term health impact. 50% to 77% of obese adolescents will
became obese adults and this will result in an increasing risk of
developing dangerous health conditions related to obesity. The risk
increases to 80% if just one parent is obese, and a familial context
exists [5]. In a society where the 90-60-90 image is still the beauty
standard the self-image is heavily conditioned by this picture. A
study on 33 patients from 1981 to 2002 from National Institutes
of Health Bariatric Surgery concluded can be performed safely in
severely obese adolescents and in most instances, a long-lasting
weight loss but the most important will ameliorate the self-image
and social relationships of the young [6]. This is quite logic, the
bullying at school is usually focused on this obese teenagers or they
can be seen differently by their colleagues and marginalised. Sport
activities are more limited and problematic for this adolescents
and this can contribute to the social exclusion. Obese adolescents
can have more difficulties in finding a job or a partner. Obesity
also can increase the risk of infertility due to the hormonal effect
of the fatty tissue [7]. Matheson, et al. in a literature review
also report beneficial social, emotional and menstrual effects
of weight loss from gastric bypass surgery in a morbidly obese
teenager [8]. Bariatric surgery in adolescent patients is effective
in helping patients who qualify for surgery BMI > 35 kg/m2 with
major comorbidities or BMI > 40 kg/m2 with other comorbidities
associated with long-term risk [9]. Generally the benefits of the
bariatric surgery outweigh the risks for the carefully selected
patient in an experienced medical centre [10]. Bariatric surgery
does not seem to produce cognitive impairments or developmental
delays. Bariatric surgery is a safe and an effective treatment option
but it poses mostly ethical challenges, despite the low complication
rates. The challenge is to change the mentality of the society and
the social acceptance for the metabolic surgery at young age and to
adapt to this “’fast food” generation problems [11].

What are the psychological particularities at young age?

The surgeon must be aware in bariatric surgery consultation.
The adolescent is more fragile and priorities and mentality of
the teenagers is very particular. The influence of the society, the
social media, and the marginalization of these patients surely
have an influence on their moral and their good psychological
status health. Parks et al. in a social media analysis on 13 (3 male,
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10 female) identified social media as a powerful tool for social
support for lifestyle change. Also, motivators for lifestyle changes
included family support, personal goals, and non-scale victories
[12]. Depression could have a negative influence on the motivation
of following a nutritional program and lifestyle changes. There is
some cases of suicide reported [13]. The problem of bullying and
victimization is of actuality for the obese adolescents, which can
be a serious issue in the mental health development of the teenager.
An increased risk for suicide after surgery might be problematic
and the follow-up for moderate to severe depression or history of
suicidal behaviours must be very rigorous and multidisciplinary
[14]. In a study in 5 academic medical centres on suicidal thoughts
and behaviours in adolescents who underwent bariatric surgery
indicates that surgery not modifies the risk of suicide in the first 4
postoperative years. The risk of suicide present before the surgery
persisted. Despite the positive effects on the body image, social
confirmation and family support can change or ameliorate this
negative psychological status [15]. Some authors do not have the
same findings. Jarvholm et al. in anon-randomized study comparing
81 adolescents with ages between 13-18 who underwent Roux-
en-Y gastric bypass surgery, and 80 patient from a control group
who received conventional treatment reveals that bariatric surgery
will not make the teenagers more vulnerable but the long-term
mental health follow up is very important [16].

Adolescence is a period of life where the follow up can be
challenging. Lainas et al. in a retrospective study on 84 patients who
underwent laparoscopic sleeve gastrectomy and 2 years of follow
up found that despite the good results of the surgery, adolescents
have a higher risk of follow-up interruption than adults, because of
increased mobility (educational or employment). The adolescents
are more susceptible to the mood changes, who are specifics to
this age [17].

What are the particularities of preoperative assessment?

The key for the success of bariatric surgery and even
more important for the bariatric surgery in adolescents is a good
selection of the patients. Despite the good results of the surgery,
the intervention is not riskless and the choice for surgery must be
well weighted. As for the adults, the surgery must be the B plan and
to be considered if the dietary measures and lifestyle changes fail.
Medical therapy include exercise, diet, psychological behaviour
modification, and even pharmacotherapy [18]. If the indication
is posed to easy, than problems of compliance, mostly during the
follow up should not surprise the surgeon. Compliance from both
patient and family with the pre-operative and post-operative plan
is essential for the outcome. Collaboration between the families
and the surgical team is essential and consist in communicate also
to the parents the risks of surgery but also the long-term benefits
on health [19]. Dietary restriction and generally the compliance of
the patient to the nutritional program is the real challenge of for

obesity treatment but is only rarely successful for morbidly obese
patients. If for the adults the difficulty of losing weight following a
diet and a sport program, for the adolescents who have additional
factors specific to the age and important psychosocial pressure.
The influence of the family and the support of the parents and their
help is very important [20].

Multidisciplinary team should include the paediatrician,
who can help for an appropriate selection of the patients for the
surgery. The pedopsychatrist and the nutritionist in collaboration
with the surgeon and the parents should well identify the causes
of the obesity. The preoperative assessment must be exhaustive
and concern psychosocial evaluations, to evaluate the psychiatric
symptoms, and the psychopathological conditions [21]. The
most common comorbid psychological conditions appear to be
depression, anxiety, ADHD, and disordered eating like binge eating
or purging behaviours along with substance use abuse should be
evaluated and referred for treatment before going to the surgery
[22].

What is the weight loss?

There is many studies on the effects of the bariatric surgery
on the weight loss for the adults. For the adolescents, the weight
loss is comparable to the adults. This is an important feature and
can justify the surgical approach. Inge, et al. study the health effects
between two groups of patients who underwent Roux-en-Y gastric
bypass. The comparison was performed on 161 patients from
2006 to 2012 and 396 patients from 2006 to 2009. Adolescents
and adults who underwent gastric bypass had similar weight loss
at 5 years after surgery but adolescents had remission of diabetes
and hypertension more than adults [23]. Is not surprising that the
weight loss is similar, because the same mechanisms are involved
in the weight loss, at all ages. Another retrospective study from
Maffazioli, et al. on 46 adolescent patients between 16-21 years
who underwent RYGB (24 patients) or SG (22 patients) between
2012 and 2014 found that percentage of excess BMI lost and
percentage of total body weight loss reduction did not differ
between the two groups. For this study the follow up of 1-6 months
cannot be considered satisfying but gives an idea of similarity
between the two groups of adolescents and adults [24]. Without a
doubt bariatric surgery is superior to medical treatment for long-
term weight loss. The problem is the sustainability of the weight
loss. 5-30% patients either lose little weight regaining weight in
the long term and here the problem of follow up and the good
operative indication came in discussion [25].

What is the effect of the surgery on comorbidities?

The benefits on the comorbidities reduction, considered as
the primary reason of bariatric surgery, are well documented by
different studies. Obesity will increase the risk of the teenager
later for premature mortality, coronary heart disease, obstructive
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sleep apnoea, hypertension, dyslipidaemia, and type 2 diabetes
mellitus. Diabetes even well controlled at long course can have
important negative health effects divided into micro vascular and
macrovascular. Microvascular complications include neuropathy,
nephropathy, and retinopathy, while macro vascular complications
consist of cardiovascular disease, stroke, and peripheral artery
disease [26]. Based on the long-term data from the Teen-LABS,
FABS 5+, and AMOS studies, the metabolic surgery for diabetic
adolescent patients revealed that the diabetes is more aggressive
in adolescents than in adults and the risk of failure of oral anti-
hyperglycaemic medication is higher [27]. The positive effect of
the bariatric surgery on diabetes is no doubt despite the risk of
postoperative complications related to the surgery and nutritional
deficiencies. Surgery performed at this age will increase the
possibility of complete remission OD diabetes for this patients
[28]. The idea of better outcomes who are in influenced by the
earlier surgery is justified by Stanford et al. in a retrospective
cohort study that compare the short and long-term outcomes of
surgery in adolescents and adults who have undergone a RYGB
or SG in 76 adolescent and 74 adult subjects with severe obesity
concluded that adolescents compared to adults better results weight
loss and resolution of type 2 diabetes and hypertension [29]. A
meta-analysis of 49 studies with 3007 adolescents patients were
included bariatric surgery in leads to similar outcome in weight loss
reduction, glycaemic levels for diabetic patients and lipid control
to adults [30]. The positive effect of bariatric surgery for severely
obese adolescent on diabetes or hypertension, can justify the early
surgical intervention. For the adolescents as for the adults, bariatric
surgery results in significant improvement in insulin resistance, but
also in liver steatosis, inflammation, and fibrosis [31].

Non-Alcoholic Fatty Liver Disease (NAFLD) s characterized
by excessive hepatic fat accumulation (steatosis) in the absence
of significant alcohol consumption, occurring with or without
hepatic inflammation and fibrosis. NAFLD is the most prevalent
form of chronic liver disease, affecting 10%—20% of the general
paediatric population. The concern is the potential to become the
leading cause of liver pathology, liver failure and indication for
liver transplantation [32]. Obese adolescent have an increased
risk for this pathology and 38% of obese children have excess
fat deposition in the liver in which approximately 9% progress to
Non-Alcoholic Steatohepatitis. (NASH) which is the most severe
form of hepatic steatosis and can progress to cirrhosis [33]. AMOS
study on 81 obese adolescent patients who underwent RYGB
confirms the significant weight loss, frequent resolution of cardio
metabolic comorbidity, and improvement in quality of life into the
long term in adolescents with severe obesity [34].

Metabolic surgery have also a positive impact in the
adolescents on the obstructive sleep apnoea (OSA) as for the
adults. This is an important finding because OSA is associated
with cognitive deficits as well as metabolic and cardiovascular

morbidity, the potential positive impact of the surgery on obese
adolescents cannot be minimised. This idea is sustained by Kalra,
et al. in a retrospective review where identifies a resolution or
significant reduction in OSA severity in the adolescent patients
who underwent bariatric surgery [35]. Pseudotumor cerebri or
idiopathic intracranial hypertension can be predominantly in
overweight or obese adults correlated with hyperandrogenism was
associated with an earlier age of onset of pseudotumor cerebri
syndrome. Bariatric surgery and consecutive weight loss have a
positive effect in either adult or adolescent obese patients [36].

What are the drawbacks?

Bariatric surgery is not recommended for pregnant or
breast-feeding adolescents, if the patient presents cognitive
disabilities, serious psychiatric or psychological disorder, Prader-
Willi syndrome of hyperphagic conditions. These pathologies will
interference with the compliance of the postoperative nutritional
program, and will increase the risk of postoperative complication
and failure [37]. Inge, et al. in multidisciplinary study state that
the indications for operation should be more conservative than
for the adults because the adolescents usually did not performed
all the attempts to change the lifestyle or dietary measures and
are more predisposed to the negative effects of the surgery. Also
the postoperative compliance might lower that for the adults [38].
ASMBS paediatric metabolic and bariatric surgery guidelines 2018,
suggests the possibility of an increase alcohol use after the surgery,
especially when co-morbidities exist. Adolescents are more likely
to stop taking nutritional supplements and a close follow-up with
vitamin level monitoring is strongly recommended [39]. Nutritional
deficiencies over 5 years, are greater after RYGB, particularly for
iron and B12 deficiency and allowed by inadequate supplement
intake, weight regain, black race and pregnancy [40]. Negative
points associated with RYGB in adolescence, besides includes
micronutrient deficiencies are also reoperation. The surgery must
be well weighed before posing in operative indication [41].

Weight loss commonly reaches a plateau after 12 to 18
months in many patients. It must be kept in mind and well explained
to the patient and to the family, that a surgical intervention do not
guarantees the weight loss lifelong if the dietary measures are not
respected and the possibility of weight regain exist. Up to 14% to
30% of adult patients regain much if not all of the initial weight lost
over time. It seems that the adolescents will regain some weight
after 5 to 10 years postoperatively [42].

What to expect in term of postoperative complications?

Postoperative specific complications after bariatric surgery
include anastomotic leak, bleeding, anastomotic strictures, and
nutritional deficiencies. Lamoshi et al. systematic review on the
adolescent bariatric surgery report total complications (early and
late), 15.8% of LSG of patients and 22.1% of RYGB patients [43]
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Humayon, et al. 2005-2014 on bariatric surgery in adolescents
study was observed in adolescents versus adults bariatric surgery
procedures and lower complication risk and shorter length of
stay than adults [44]. Teen-LABS, AMOS, Saudi Arabia and the
Germany Obesity Registry studies in 750 adolescents operated by
bariatric surgery compared to an incidence of 0.08-0.31 in adult
studies report that postoperative complications and the incidence
of reoperations appeared to be higher adolescent with 13-17%
requiring reoperations as compared to 6-7% in adult [45] (Table

1.

Pros Cons

50% to 77% of obese adolescents/
became obese adults

Risk of postoperative
complications/reoperations

Bullying/Social marginalization Nutritional deficiencies

Difficulties for sport activities Non-compliance to follow-up

Difficulties to finding a job or a Suicide/increased risk of

partner alcohol or drug abuse
Risk of infertility Efﬁmepcy of contraception /
risk of pregnancy
Depression

Surgery superior to medical treatment
for weight loss

Benefits on the comorbidities
reduction

Table 1: Advantages and disadvantages of the bariatric surgery in
the treatment of obesity in adolescents.

What are the particularities of the postoperative follow up?

Success after bariatric procedures requires significant
behavioural changes that are dependent on the patient’s ability to
successfully implement lifestyle changes [46]. White, et al. in a
prospective study on 18 adolescents who underwent SG and 11
patients RYGB with a follow up of 4 years remarked the challenges

of the follow-up that was inconsistent and difficult [47]. Dobritoiu
et al in retrospectively study on 64 adolescent patients who
underwent SG or RYGB between 2013 and November 2019 with
a follow up of 3 years found that the surgical treatment is safe and
effective and propose prophylactic doses of Ursodezoxicolic acid
for 6 months postoperatively for the prevention of the gallbladder
lithiasis [48].

The follow up should be by performed amultidisciplinary team
composed by surgeon, paediatrician, mental health professionals,
general practitioner and the family as a complementary support.
It can also need the presence of an endocrinologist, a cardiologist
and a pneumologist if the patient has comorbidities. There is not
only the adolescent who is responsible for the good result, but also
all the members of the team, but all the efforts are conditioned by
the compliance of the patient. For this reason a correct evaluation
before the surgery is so important (Figure 1).

There are special considerations?

Negative outcomes of bariatric surgery reported inadolescents
can include the presence of risk of suicide and increased risk of
alcohol or drug abuse [49] Vilallonga et al. in retrospective study
of prospectively study on 28 adolescents treated by RYGB with
follow-up between 2.4 and 10.2 found that the bariatric surgery
in teens is safe with positive effects on weight loss, comorbidities
and satisfaction degree but special attention must be on the effects
of the efficacity of the conventional contraception and risk of
pregnancy [50].

There is a place for the new technologies?

There is a number of new bariatric procedures and devices
that show promise in their applicability to paediatric patients with
obesity. These procedures are constituted by laparoscopic gastric
plication, endoscopic sleeve gastroplasty, intragastric single or two
balloons systems, duodenal-jejunal bypass sleeve liner, aspirated
gastrostomies [51]. But further studies are necessaries to prove
their efficacity in the field of bariatric surgery and especially their
applicability in the obese teenagers.
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Figure 1: The Multidisciplinary Bariatric Team Management of Obese Adolescents.
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Conclusion

Bariatric surgery has emerged as the most effective short-

term weight loss strategy for adults with severe obesity, but its
role in adolescents is still being defined. Nowadays, metabolic
surgery is validated by the studies as an effective treatment of
severe obesity in adolescents. A good selection of the patients and
a close follow up are indispensable for a good postoperative result,
and the operative indication must be more conservative than for
the adults.
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