
www.thelancet.com/diabetes-endocrinology   Published online January 5, 2017   http://dx.doi.org/10.1016/S2213-8587(16)30424-7 1

Articles

Lancet Diabetes Endocrinol 2017

Published Online
January 5, 2017
http://dx.doi.org/10.1016/
S2213-8587(16)30424-7

See Online/Articles
http://dx.doi.org/10.1016/
S2213-8587(16)30315-1

See Online/Comment
http://dx.doi.org/10.1016/ 
S2213-8587(16)30425-9

Department of Gastrosurgical 
Research (T Olbers PhD, 
A J Beamish MD, 
E Gronowitz PhD), Department 
of Paediatrics 
(J Dahlgren PhD, E Gronowitz), 
Department of Health and 
Care Sciences (S Mårild PhD), 
and Department of Paediatric 
Surgery, Queen Silvia 
Children’s Hospital 
(G Göthberg PhD), Sahlgrenska 
University Hospital, Institute 
of Clinical Sciences, University 
of Gothenburg, Gothenburg, 
Sweden; Department of 
Research, Royal College of 
Surgeons of England, London, 
UK (A J Beamish); Childhood 
Obesity Unit, Skåne University 
Hospital, Malmö, Sweden 
(C-E Flodmark PhD, 
K Järvholm PhD); Clinical 
Epidemiology Unit, 
Department of Medicine, 
Solna, Karolinska University 
Hospital, Stockholm, Sweden 
(G Bruze PhD, M Neovius PhD); 
Department of Clinical 
Science, Intervention and 
Technology (CLINTEC), 
Karolinska Institutet, 
Stockholm, Sweden 
(K Ekbom PhD, C Marcus PhD); 
Department of Molecular and 
Clinical Medicine, Institute of 
Medicine, Sahlgrenska 
University Hospital, 
University of Gothenburg, 
Gothenburg, Sweden 
(P Friberg PhD); Department of 
Psychology, Lund University, 
Lund, Sweden (J Karlsson PhD, 
K Järvholm); and National 
Institute for Health and 
Welfare, Helsinki, Finland 
(M Peltonen PhD)

Laparoscopic Roux-en-Y gastric bypass in adolescents with 
severe obesity (AMOS): a prospective, 5-year, Swedish 
nationwide study
Torsten Olbers, Andrew J Beamish, Eva Gronowitz, Carl-Erik Flodmark, Jovanna Dahlgren, Gustaf Bruze, Kerstin Ekbom, Peter Friberg, 
Gunnar Göthberg, Kajsa Järvholm, Jan Karlsson, Staff an Mårild, Martin Neovius, Markku Peltonen, Claude Marcus

Summary
Background Severe obesity in adolescence is associated with reduced life expectancy and impaired quality of life. 
Long-term benefi ts of conservative treatments in adolescents are known to be modest, whereas short-term outcomes 
of adolescent bariatric surgery are promising. We aimed to compare 5-year outcomes of adolescent surgical patients 
after Roux-en-Y gastric bypass with those of conservatively treated adolescents and of adults undergoing Roux-en-Y 
gastric bypass, in the Adolescent Morbid Obesity Surgery (AMOS) study.

Methods We did a nationwide, prospective, non-randomised controlled study of adolescents (aged 13–18 years) with 
severe obesity undergoing Roux-en-Y gastric bypass at three specialised paediatric obesity treatment centres in Sweden. 
We compared clinical outcomes in adolescent surgical patients with those of matched adolescent controls undergoing 
conservative treatment and of adult controls undergoing Roux-en-Y gastric bypass. The primary outcome measure was 
change in BMI over 5 years. We used multilevel mixed-eff ect regression models to assess longitudinal changes. This 
trial is registered with ClinicalTrials.gov, number NCT00289705.

Findings Between April, 2006, and May, 2009, 100 adolescents were recruited to the study, of whom 81 underwent 
Roux-en-Y gastric bypass (mean age 16·5 years [SD 1·2], bodyweight 132·8 kg [22·1], and BMI 45·5 kg/m² [SD 6·1]). 
80 matched adolescent controls and 81 matched adult controls were enrolled for comparison of outcomes. The 
change in bodyweight in adolescent surgical patients over 5 years was –36·8 kg (95% CI –40·9 to –32·8), resulting 
in a reduction in BMI of –13·1 kg/m² (95% CI –14·5 to –11·8), although weight loss less than 10% occurred in 
nine (11%). Mean BMI rose in adolescent controls (3·3 kg/m², 95% CI 1·1–4·8) over the 5-year study period, 
whereas the BMI change in adult controls was similar to that in adolescent surgical patients (mean change 
–12·3 kg/m², 95% CI –13·7 to –10·9). Comorbidities and cardiovascular risk factors in adolescent surgical patients 
showed improvement over 5 years and compared favourably with those in adolescent controls. 20 (25%) of 
81 adolescent surgical patients underwent additional abdominal surgery for complications of surgery or rapid 
weight loss and 58 (72%) showed some type of nutritional defi ciency; health-care consumption (hospital attendances 
and admissions) was higher in adolescent surgical patients compared with adolescent controls. 20 (25%) of 
81 adolescent controls underwent bariatric surgery during the 5-year follow-up.

Interpretation Adolescents with severe obesity undergoing Roux-en-Y gastric bypass had substantial weight loss over 
5 years, alongside improvements in comorbidities and risk factors. However, gastric bypass was associated with 
additional surgical interventions and nutritional defi ciencies. Conventional non-surgical treatment was associated 
with weight gain and a quarter of patients had bariatric surgery within 5 years.
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Foundation; Stiftelsen Göteborgs Barnhus; Stiftelsen Allmänna Barnhuset; and the US National Institute of Diabetes, 
Digestive, and Kidney Diseases (National Institutes of Health).

Introduction
Severe obesity in adolescence is a life-threatening and 
life-shortening disease,1,2 leading to a multitude of other 
disorders.3,4 As the mean age of obesity onset has 
decreased,5 the onset of related diseases—most notably, 
type 2 diabetes—has shifted increasingly towards 
childhood.6 Type 2 diabetes is substantially more 
aggressive when it occurs in childhood, with medical 
treatments failing earlier and a shorter time to 

requirement for insulin therapy.6 Obesity amplifi es 
cardiovascular risk factors in childhood,7 leading to a 
poor prognosis in this population,8,9 with few eff ective 
therapeutic options available.10

The prevalence of adolescent obesity has now reached 
5–10% in high-income countries.5,11,12 Non-surgical 
programmes remain the main treatment for adolescents 
with severe obesity, although their eff ectiveness is slight 
and insuffi  cient for long-term reduction of obesity-related 
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health hazards.13 However, surgery is increasingly 
recommended14 and done in adolescents,15 and robust 
outcomes have been reported up to 3 years after surgery.16–18

The Adolescent Morbid Obesity Surgery (AMOS) study 
is a Swedish, nationwide, prospective, non-randomised 
controlled study.17 Our aim was to compare outcomes in a 
group of adolescents with severe obesity over 5 years after 
Roux-en-Y gastric bypass or conservative treatment with a 
group of matched adult controls undergoing Roux-en-Y 
gastric bypass.

Methods
Study design and participants
We assessed for surgical eligibility all adolescents who 
presented with severe obesity to one of three specialised 
paediatric obesity treatment units in Sweden: Sahlgrenska 
University Hospital, Gothenburg; Children’s Hospital, 
Karolinska University Hospital, Stockholm; and Skåne 

University Hospital, Malmö. Inclusion criteria were: 
age 13–18 years; BMI 40 kg/m² or higher, or 35 kg/m² or 
higher with comorbidity (eg, type 2 diabetes, dyslipidaemia, 
metabolic syndrome); pubertal Tanner stage III or higher; 
height growth velocity beyond peak; and at least 1 year 
in a formal, conventional, weight loss programme. 
Exclusion criteria were: severe psychiatric disorder; 
ongoing drug abuse; obesity secondary to brain injury; and 
syndromic or monogenic obesity (we sequenced the 
melano cortin 4 receptor in >50% of patients based on 
clinical suspicion).

We identifi ed a group of adolescents from the Swedish 
Childhood Obesity Treatment Register (BORIS)13 who 
had received conservative treatment for obesity. This 
registry did not include detailed formal data about 
individuals’ compliance with conventional treatment. 
We sequentially matched adolescent controls from this 
group with adolescent surgical patients to ensure that 
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Research in context

Evidence before this study
We searched PubMed between Feb 14, 1956, and 
Feb 13, 2006, with the terms “adolescent” OR “child*” AND 
“gastric bypass” AND “obesity”, with no restrictions on 
language. Of 246 items returned, we identifi ed six relevant 
retrospective case series, dating as far back as 1975, 
comprising between four and 39 patients who were 
genetically normal and undergoing Roux-en-Y gastric bypass. 
However, prospective and systematic assessments of the risks 
and benefi ts of this procedure in adolescents were scarce. 
Within the limited case series, a mean BMI reduction of 
20 kg/m² was reported at least 1 year after Roux-en-Y gastric 
bypass, but fewer than 45 patients had follow-up to 5 years or 
longer. Several adolescents showed improvement in 
obesity-related metabolic variables after surgery—eg, glucose 
homoeostasis, lipidaemia, and blood pressure. However, 
inherent limitations of small series render these results of 
limited reliability and generalisability. Most studies included 
few participants and had a retrospective design, many using 
suboptimum methods of follow-up without requiring clinic 
attendance; yet, minor-to-moderate complications were 
fairly common.

Added value of this study
Since we began our study, several prospective studies have 
been published from the USA, Europe, Saudi Arabia, and 
Australia, reporting outcomes up to 3 years after surgery, 
most notably the Teen-LABS study. Our prospective study 
reports similar improvements in BMI and cardiometabolic 
status to these other studies, and advances knowledge and 
understanding of the outcomes of Roux-en-Y gastric bypass 
among adolescents with severe obesity into the long term 
(>5 years). Furthermore, in our study, outcomes were 
compared in adolescents undergoing Roux-en-Y gastric 
bypass concurrently with those in a group of contemporary, 

matched, adolescent controls undergoing conventional 
treatment and in a group of contemporary matched adults 
undergoing Roux-en-Y gastric bypass, embedding the 
observed results within the context of the existing 
understanding of adult outcomes. Moreover, our study adds 
data from several national registries, expanding outcomes to 
include health-care consumption.

Implications of all the available evidence
The present study shows that adolescents with severe obesity 
had substantial weight loss alongside improvements in 
comorbidities and risk factors, over 5 years after Roux-en-Y 
gastric bypass. It has been demonstrated widely in adults that 
Roux-en-Y gastric bypass, sleeve gastrectomy, and adjustable 
gastric banding are safe and eff ective in achieving and 
maintaining weight loss and substantial metabolic health 
gains, often inducing remission of type 2 diabetes or 
prediabetes, dyslipidaemia, and hypertension. However, 
bariatric surgery in adolescents presents many challenges. 
Targeted strategies need to be developed to diminish weight 
regain and avoid nutritional defi ciencies in adolescents 
undergoing surgery and to reduce the need for additional 
surgery. The published literature is now suffi  ciently mature to 
consider formal integration of bariatric surgery into 
treatment pathways for adolescents with severe obesity. 
However, assessment of adolescents for surgery should be 
embedded within formal programmes incorporating all other 
available obesity treatments, led by a multidisciplinary team 
capable of undertaking physical and psychosocial assessments 
of the individual patient. Provision must also be made for 
long-term follow-up and management, with concern for 
surgical and nutritional adverse events, avoidance of weight 
regain, and continuous psychological support when needed, 
knowing that these patients are a vulnerable group. 
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mean values for baseline BMI, age, and sex in controls 
moved closer to mean values within the surgical group as 
much as was possible with each additional control. 
We ensured the date an adolescent surgical patient 
underwent Roux-en-Y gastric bypass was within 1 month 
of baseline weight for the corresponding adolescent 
control.

We also matched adolescent surgical patients with a 
group of adult controls aged 35–45 years with severe 
obesity undergoing Roux-en-Y gastric bypass at 
Sahlgrenska University Hospital, Gothenburg. We used 
the same inclusion and exclusion criteria for adult 
controls as we did for adolescent surgical patients.17 
We matched adult controls with adolescent surgical 
patients according to BMI and sex.

We did the AMOS study according to the Declaration of 
Helsinki with the approval of the Gothenburg regional 
ethics committee (523–04). Written consent for study 
participation was obtained at the fi rst study attendance 
from all patients, their carers, or both. Informed consent 
for surgery was obtained from all surgical patients, their 
carers, or both.

Procedures
The laparoscopic gastric bypass procedure incorporated 
an antecolic, antegastric Roux-en-Y construction with a 
linearly stapled gastrojejunostomy,19 without closure of 
mesenteric windows. All surgical procedures for 
adolescent patients were done at Sahlgrenska University 
Hospital by one of two skilled bariatric surgeons, 
assisted by a paediatric surgeon. The same surgical team 
(excluding the paediatric surgeon) delivered Roux-en-Y 
gastric bypass for adult controls in an identical setting, 
to maximise comparability with adolescent surgical 
patients. Within the pragmatic study design, con-
ventional treatment of adolescent controls was non-
standardised; it was delivered as an individualised 
treatment by the multidisciplinary team according to 
Swedish standards.17 This treatment focused on achieving 
behaviour change through regular clinical contact to 
deliver education, raising awareness among adolescents 
and their carers of the eff ect of their obesity and how to 
achieve a healthier lifestyle.13,20,21

We used the term disturbed glucose homoeostasis 
in response to incomplete data for fasting blood glucose 
levels. We outlined this term by adding a fasting 
capillary glucose criterion to the American Diabetes 
Association (ADA) defi nition of impaired fasting 
glucose, or prediabetes,22 as follows: fasting capillary 
glucose 6·1 mmol/L or higher but less than 7·0 mmol/L 
(≥110 mg/dL but <126 mg/dL); fasting blood glucose 
5·5 mmol/L or higher but less than 7·0 mmol/L 
(≥100 mg/dL but <126 mg/dL); HbA1c 39 mmol/mol or 
higher but less than 45 mmol/mol (≥5·7% but <6·5%); 
and an absence of diabetes medication. We also 
diagnosed type 2 diabetes and its remission according 
to ADA defi nitions, with remission ascertained with the 

following criteria: fasting blood glucose less than 
7·0 mmol/L (<126 mg/dL); HbA1C less than 45 mmol/mol 
(<6·5%); fasting capillary glucose less than 6·1 mmol/L 
(<110 mg/dL); and an absence of diabetes medication.22 
Other defi nitions and remission criteria are provided in 
the appendix (pp 6, 7).

We assessed adolescent surgical patients pre opera tively 
and at 2 months, 6 months, 1 year, 2 years, and 5 years 
after surgery. We measured bodyweight, height, and blood 
pressure and did biochemical analyses and quality-of-life 
assessments preoperatively and at 1 year, 2 years, and 
5 years after surgery. Procedures for blood sampling and 
handling have been described previously.17 To measure 
health-related quality of life, we used a Swedish version of 
the short form-36 health survey version 2 (SF-36), which 
was validated for use in adolescents.23 We used the obesity-
related problems scale (OP-14) to assess psychosocial 
problems related to bodyweight and body shape.24 
We sought information about use of drugs or alcohol from 
adolescent surgical patients and caregivers at recruitment. 
We prescribed adolescent patients a daily multivitamin 
and mineral supplement (including 200 μg folic acid), 
vitamin B12 (cobalamin 1 mg/day), and calcium carbonate 
or vitamin D (1 g/800 IU per day). We also gave female 
surgical patients iron supplements (Fe2+ 100 mg/day).

We measured bodyweight and height of adolescent 
controls at baseline and 1 year, 2 years, and 5 years after 
recruitment. At 5 years, we invited adolescent controls to 
attend a study visit for biochemical analyses and quality-of-
life data collection. Between years 2 and 5, adolescents 
were followed up predominantly in the community. In 

Figure 1: Study profi le
*One patient decided against surgical treatment on the day of surgery. †One patient received surgical treatment 
instead of the control intervention. ‡Last-observation-carried-forward assumption used for crossovers.
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accordance with Swedish convention, systematic medical 
treatment for cardiovascular risk factors in youth—eg, 
dyslipidaemia or hypertension—was not common practice.

We measured bodyweight and height in adult controls 
prospectively at inclusion and 1 year after surgery. 
We obtained bodyweight data at 2 years and 5 years 

after surgery from measurements taken at a community 
health-care centre, when available, and self-reported 
measurements otherwise.

We assessed data for surgical complications at 30 days  
in adolescent surgical patients at the 2-month follow-up 
visit and, thereafter, compli cations were prospectively 

Adolescent surgical patients Adolescent controls Adult controls

Baseline (n=81) 5 years (n=81) Baseline (n=80) 5 years (n=72) Baseline (n=81) 5 years (n=71)

Sex

Male 28 (35%) 28 (35%) 35 (44%) 30 (42%) 28 (35%) 23 (32%)

Female 53 (65%) 53 (65%) 45 (56%) 42 (58%) 53 (65%) 48 (68%)

Age (years) 16·5 (1·2) 21·9 (1·2) 15·8 (1·2) 20·9 (1·3) 39·7 (2·9) 44·7 (2·9)

Male 16·6 (1·3) 22·0 (1·4) 15·9 (1·2) 21·0 (1·2) 40·2 (3·5) 45·2 (3·5)

Female 16·5 (1·1) 21·9 (1·1) 15·7 (1·3) 20·8 (1·3) 39·5 (2·6) 44·5 (2·6)

Height (cm) 171 (9) 172 (9) 171 (9) 173 (10) 171 (11) 171 (11)

Male 178 (10) 180 (9) 178 (8) 180 (8) 182 (9) 182 (9)

Female 167 (6) 168 (6) 166 (8) 167 (8) 165 (7) 165 (7)

Bodyweight (kg) 133 (22) 96 (22) 124 (21) 124 (32) 127 (20) 90 (18)

Male 147 (23) 109 (26) 135 (20) 132 (27) 142 (17) 102 (17)

Female 125 (17) 89 (17) 115 (17) 118 (34) 120 (17) 85 (16)

BMI (kg/m2) 45·5 (6) 32·3 (6) 42·2 (5) 41·7 (10) 43·5 (5) 31·0 (6)

Male 46·7 (6) 33·3 (7) 43·0 (5) 40·8 (8) 43·1 (6) 31·1 (6)

Female 44·8 (6) 31·8 (6) 41·6 (5) 42·3 (12) 43·7 (5) 31·0 (6)

Data are mean (SD) or number of participants (%).

Table 1: Baseline and 5-year characteristics 

Adolescent surgical patients Adolescent controls 
at 5 years

Between-group mixed-model 
diff erence (surgical vs control 
adolescents) at 5 years

Baseline 5 years Within-group mixed-model change 
from baseline to 5 years

Mean (SD) n Mean (95% CI) p value

Mean (SD) n Mean (SD) n Mean (95% CI) p value

Height (cm) 170·8 (9·3) 81 172·3 (9·4) 81 1·48 (0·9 to 2·1) <0·0001 173·0 (10·0) 53 –0·75 (–4·2 to 2·7) 0·67

Bodyweight (kg) 132·8 (22·1) 81 96·0 (22·2) 81 –36·8 (–40·9 to –32·8) <0·0001 133·3 (28·9) 53 –37·21 (–46·4 to –28·0) <0·0001

BMI (kg/m2) 45·5 (6·1) 81 32·3 (6·3) 81 –13·14 (–14·5 to –11·8) <0·0001 44·6 (9·5) 53 –12·26 (–15·2 to –9·3) <0·0001

HbA1c (mmol/mol)* 35·1 (3·9) 80 33·5 (3·8) 65 –1·56 (–2·5 to –0·6) 0·002 35·3 (10·6) 37 –1·8 (–5·4 to 1·8) 0·32

Fasting plasma glucose (mmol/L) 5·1 (0·5) 80 4·8 (0·4) 36 –0·33 (–0·5 to –0·1) 0·001 5·2 (0·7) 18 –0·45 (–0·8 to –0·1) 0·009

Fasting capillary glucose (mmol/L) 5·6 (0·5) 78 5·2 (0·5) 73 –0·35 (–0·5 to –0·22) 0·001 5·8 (2·4) 16 –0·6 (–1·8 to 0·6) 0·34

Fasting plasma insulin (pmol/L) 216·7 (122·4) 79 65·0 (34·2) 75 –151·42 (–173·3 to –129·5) <0·0001 182·8 (122·6) 37 –117·81 (–158·3 to –77·3) <0·0001

Triglycerides (mmol/L) 1·3 (0·6) 80 0·9 (0·3) 76 –0·39 (–0·5 to –0·3) <0·0001 1·4 (0·8) 41 –0·47 (–0·7 to –0·2) <0·0001

LDL cholesterol (mmol/L) 2·6 (0·7) 81 2·2 (0·7) 76 –0·46 (–0·6 to –0·3) <0·0001 3 (0·8) 41 –0·88 (–1·2 to –0·6) <0·0001

HDL cholesterol (mmol/L) 1·1 (1·1) 81 1·6 (0·5) 75 0·49 (–0·4 to 0·6) <0·0001 1·0 (0·3) 42 0·55 (0·4 to 0·7) <0·0001

Systolic blood pressure (mm Hg) 124·6 (12·3) 78 113·2 (10·7) 72 –11·55 (–14·0 to –9·1) <0·0001 121·4 (11·4) 40 –8·18 (–12·5 to –3·8) <0·0001

Diastolic blood pressure (mm Hg) 76·9 (9·8) 78 69·4 (9·9) 72 –7·4 (–10·2 to –4·6) <0·0001 77·7 (10·0) 40 –8·28 (–12·2 to –4·4) <0·0001

High-sensitivity C-reactive protein 
(mg/L)

7·2 (5·9) 75 1·8 (2·2) 77 -5·41 (–7·4 to –3·5) <0·0001 7·9 (6·9) 39 –6·09 (–8·3 to –3·9) <0·0001

Alanine aminotransferase (μkat/L) 0·6 (0·4) 80 0·3 (0·2) 76 –0·35 (–0·4 to –0·3) <0·0001 0·4 (0·3) 42 –0·16 (–0·3 to –0·1) <0·0001

Aspartate aminotransferase (μkat/L) 0·5 (0·2) 80 0·4 (0·2) 76 –0·09 (–0·1 to –0·0) 0·002 0·4 (0·2) 41 –0·04 (–0·1 to 0·0) 0·25

Haemoglobin (g/L) 139·3 (12·3) 78 127·7 (17·4) 77 –11·69 (–15·6 to –7·8) <0·0001 141·9 (14·4) 42 –14·17 (–20·1 to –8·3) <0·0001

Per-protocol data (crossovers excluded). *To convert mmol/mol to %, (0·0915 × mmol/mol) + 2·15.

Table 2: Anthropometric, biochemical, and blood pressure data at baseline and 5 years 
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recorded in the electronic case record fi le. We did a 
complementary retrospective survey of medical records 
to capture missing data up to the 5-year follow-up visit. 
Moreover, we retrieved data for inpatient care (admissions 
and hospital days) and hospital-based outpatient care 
visits from the Swedish national patient register and 
prescription drug costs from the prescribed drug register.

Outcomes
The primary outcome of our study was change in BMI 
across the 5-year study period. Predetermined secondary 
outcomes were: anthropometric measurements, serum 
measures of cardiometabolic diseases, risk factors and 
nutrition (glucose homoeostasis, lipid status, blood 
pressure, infl ammatory markers, liver enzymes, 
haemoglobin, ferritin, vitamin B12, and vitamin D), and 
quality of life. Additional secondary outcomes reported 
were: psychosocial health, adverse events, and health-
care consumption.

Statistical analysis
We present descriptive statistics as mean (SD). To assess 
longitudinal changes, we fi tted multilevel mixed-eff ect 
regression models to the data. In analyses, we considered 
observations nested within individuals, and we calculated 
SD by taking into account repeated measurements. 
We expressed changes over time with 95% CIs. 
We assessed underlying assumptions for the mixed 
models by analyses of residuals.

For control crossovers, we used the last-observation-
carried-forward assumption for anthropometric data, 
and we excluded crossovers from analyses for all other 
variables. We estimated sex-adjusted and age-adjusted 
mean diff erences for 5-year accumulated hospital days, 
visits for outpatient care, and prescription drug costs 
using linear regression, with 95% CIs generated by 
non-parametric bootstrapping not requiring additional 
assumptions.

All p values are two-tailed and we judged p values less 
than 0·05 as signifi cant. We used Stata (version 12.1) for 
all statistical analyses.

This trial is registered with ClinicalTrials.gov, number 
NCT00289705.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all data in the study and had fi nal responsibility 
for the decision to submit for publication.

Results
Between April, 2006, and May, 2009, 100 adolescents who 
presented to one of the three study centres with severe 
obesity were assessed for surgery. 19 individuals declined 
surgery and the remaining 81 adolescents underwent 
Roux-en-Y gastric bypass (fi gure 1). 80 adolescent controls 

and 81 adult controls were recruited for comparison of 
outcomes. Mean follow-up was 5·0 years (SD 0·3). 
All 81 adolescent surgical patients were followed up for 
5 years, with 72 (90%) of 80 adolescent controls and 
71 (88%) of 81 adult controls completing 5-year follow-up. 
100% of the cohorts were followed up in national health-
care registries.

Baseline and 5-year demographic and anthropometric 
characteristics of patients and controls are presented in 
table 1. At baseline, adolescent surgical patients were 
older than adolescent controls and had signifi cantly 
higher BMI. Both groups had a lower proportion of 
male than female participants, but the sex diff erence 
between patients and controls was not signifi cant. The 
change in height over 5 years for adolescent patients 
and controls is shown in the appendix (p 5).

Figure 2: Change in BMI (A) and bodyweight (B) from baseline to 5 years
Data for adolescent controls are presented using the last-observation-before-surgery-carried-forward 
assumption for crossovers who underwent surgery within the follow-up period. Data points in (A) are the mean 
value and error bars show the 95% CI. 
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Psychosocial impairment—eg, depressive or anxiety 
disorder—was reported in adolescent surgical patients, 
and 25 (31%) had a neuropsychiatric diagnosis (specifi c 
diagnoses unavailable). 13 (16%) individuals had 
previously shown self-destructive behaviour, and 33 (41%) 
had been previously treated in a paediatric psychiatry 
outpatient department. These data are unavailable for 
adolescent and adult controls.

Mean BMI change across 5 years was –13·1 kg/m² 
(95% CI –14·5 to –11·8) in adolescent surgical patients 
(table 2), compared with 3·3 kg/m² (1·1–4·8) in adolescent 
controls, and –12·3 kg/m² (–13·7 to –10·9) in adult 
controls (fi gure 2A). 58 (72%) of 81 adolescent surgical 
patients, fi ve (7%) of 72 adolescent controls, and 54 (76%) 
of 71 adult controls reached a BMI of less than 35 kg/m² 
after 5 years. Moreover, after 5 years, 30 (37%) of 81 
adolescent surgical patients, two (3%) of 72 adoles cent 
controls, and 31 (44%) of 71 adult controls no longer had 
obesity (BMI <30 kg/m²). Most adolescent surgical 
patients (55/81 [69%]) and adult controls (60/71 [85%]) 
achieved 20% or greater total bodyweight loss, but most 
adolescent controls (50/72 [69%]) gained bodyweight 
(fi gure 2B). Adolescents (surgical patients and control) 
were more likely than adults to have suboptimum weight 
loss (p=0·035). Mean weight regain between a nadir 
observed at 2 years and follow-up at 5 years was similar in 
adolescent surgical patients and adult controls (fi gure 2A).

20 (25%) of 80 adolescent controls had bariatric surgery 
between 2 years and 5 years of follow-up, having reached 
adult eligibility. This group had a median weight gain of 
19·6 kg (range –1·1 to 53·5) from baseline until surgery, 
compared with a 7·3 kg increase (range –26·8 to 60·4) in 
the 60 adolescent controls who did not have surgery over 
5 years of follow-up.

All measures of glucose homoeostasis improved across 
5 years in adolescent surgical patients (table 2; appendix 
p 4). At baseline, three (4%) of 81 adolescent surgical 
patients had type 2 diabetes, all of whom were in 
remission 5 years after surgery (table 3). Disturbed 
glucose homoeostasis was noted at baseline in 22 (27%) 
adolescent surgical patients, which normalised in 
18 (86%) individuals at 5 years, although two new cases 
arose after 5 years, resulting in a total of six (8%) cases at 
5 years after surgery (table 3). Fasting plasma insulin 
levels decreased signifi cantly, from 216·7 pmol/L at 
baseline to 65·0 pmol/L at 5 years (table 2). Meanwhile, 
in adolescent controls, the prevalence of disturbed 
glucose homoeostasis was 16% (7/44) at 5 years, and one 
new case of type 2 diabetes was reported (table 3).

56 (69%) of 81 adolescent surgical patients had 
dyslipidaemia at baseline, decreasing to 11 (15%) of 76 at 
5 years (table 3). Notably, all cases of increased LDL or 
triglycerides resolved across 5 years. The 5-year prevalence 
of dyslipidaemia in adolescent controls was 73% (30/41; 

Adolescent surgical patients p value* Adolescent controls p value†

Baseline 5 years Resolution‡ 5 years

n/N % (95% CI) n/N % (95% CI) n/N % (95% CI) n/N % (95% CI)

Type 2 diabetes 3/81 3·7 (0·8–10·4) 0/79 0·0 (0·0–4·6) 3/3 100·0 (29·2–100·0) 0·25 1/44 2·3 (0·1–12·0) 0·37

Disturbed glucose homoeostasis 22/81 27·2 (17·9–38·2) 6/79 7·6 (2·8–15·8) 18/21§ 85·7 (63·7–97·0) 0·001 7/44 15·9 (6·6–30·1) 0·098

Increased HbA1c 10/80 12·5 (6·2–21·8) 6/65 9·2 (3·5–19·0) 5/8§ 62·5 (24·5–91·5) 0·73 6/37 16·2 (6·2–32·0) 0·35

Impaired fasting plasma glucose 16/80 20·0 (11·9–30·4) 0/36 0·0 (0·0–9·7) 13/13§ 100·0 (75·3–100·0) 0·003 2/18 11·1 (1·4–34·7) 0·11

Raised fasting plasma insulin 56/79 70·9 (59·6–80·6) 3/76 3·9 (0·8–11·1) 49/52§ 94·2 (84·1–98·8) <0·0001 17/37 45·9 (29·5–63·1) <0·0001

Dyslipidaemia 56/81 69·1 (57·9–78·9) 11/76 14·5 (7·5–24·4) 43/52§ 82·7 (69·7–91·8) <0·0001 30/41 73·2 (57·1–85·8) <0·0001

Increased LDL cholesterol 13/81 16·0 (8·8–25·9) 0/76 0·0 (0·0–4·7) 13/13 100·0 (75·3–100·0) <0·0001 9/41 22·0 (10·6–37·6) <0·0001

Increased triglycerides 25/80 31·3 (21·3–42·6) 0/76 0·0 (0·0–4·7) 22/22§ 100·0 (84·6–100·0) <0·0001 10/41 24·4 (12·4–40·3) <0·0001

Decreased HDL cholesterol 41/81 50·6 (39·3–61·9) 11/75 14·7 (7·6–24·7) 28/37§ 75·7 (58·8–88·2) <0·0001 27/42 64·3 (48·0–78·4) <0·0001

Raised blood pressure 12/78 15·4 (8·2–25·3) 2/72 2·8 (0·3–9·7) 12/12 100·0 (73·5–100·0) 0·013 4/39 10·3 (2·9–24·2) 0·18

Raised systolic blood pressure 11/78 14·1 (7·3–23·8) 0/72 0·0 (0·0–5·0) 11/11 100·0 (71·5–100·0) 0·001 2/39 5·1 (0·8–17·3) 0·12

Raised diastolic blood pressure 4/78 5·1 (1·4–12·6) 2/72 2·8 (0·3–9·7) 4/4 100·0 (39·8–100·0) 0·69 4/39 10·3 (2·9–24·2) 0·18

Increased high-sensitivity 
C-reactive protein

65/75 86·7 (76·8–93·4) 19/77 24·7 (15·6–35·8) 45/61§ 73·8 (60·9–84·2) <0·0001 32/39 82·1 (66·5–92·5) <0·0001

Increased liver enzymes 25/81 30·9 (21·1–42·1) 4/76 5·3 (1·5–12·9) 23/25 92·0 (74·0–99·0) <0·0001 8/44 18·2 (8·2–32·7) 0·03

Increased alanine 
aminotransferase

24/80 30·0 (20·3–41·3) 2/76 2·6 (0·3–9·2) 23/24 95·8 (78·9–99·9) <0·0001 7/42 16·7 (7·0–31·4) 0·01

Increased aspartate 
aminotransferase

9/80 11·3 (5·3–20·3) 4/76 5·3 (1·5–12·9) 9/9 100·0 (66·4–100·0) 0·27 3/41 7·3 (1·5–19·9) 0·7

Anaemia 8/78 10·3 (4·5–19·2) 25/77 32·5 (22·2–44·1) 5/7§ 71·4 (29–96·3) 0·002 3/42 7·1 (1·5–19·5) 0·001

Per-protocol data (crossovers excluded). Defi nitions and thresholds in the appendix (pp 6, 7). *Diff erence between surgical patients at baseline and at 5 years. †Diff erence between surgical patients and controls 
at 5 years. ‡Resolution of cardiometabolic comorbidity (appendix pp 6, 7). §Number in resolution calculation lower than baseline denominator owing to missing data.

Table 3: Prevalence and remission of cardiovascular risk factors at baseline and 5 years 
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table 3). Blood pressure was raised in 12 (15%) of 
78 adolescent surgical patients at baseline, which returned 
to normal in all cases at 5 years, although two incident 
cases led to a prevalence of 3% (table 3). The 5-year 
prevalence of increased blood pressure in adolescent 
controls was 10% (4/39). High-sensitivity C-reactive 
protein, a marker of infl ammation, was amplifi ed in 
65 (87%) of 75 adolescent surgical patients at baseline, 
reducing to 19 (25%) of 77 across 5 years. In adolescent 
controls, high-sensitivity C-reactive protein was raised in 
32 (82%) of 39 individuals at 5 years (table 3). Alanine 
aminotransferase concentration was increased in 
25 (31%) of 80 adolescent surgical patients at baseline, 
returning to normal in 23 (92%) cases at 5-year follow-up, 
although two additional incident cases arose (table 3). 
Aspartate aminotransferase concentration was also 
increased at baseline in nine (11%) of 80 adolescent 
surgical patients, normalising in all cases across 5 years 
(table 3). The prevalence of anaemia in the adolescent 
surgical group rose from 10% (8/78) to 32% (25/77) across 
5 years, whereas in adolescent controls it was 7% (3/42) at 
5 years (table 3).

Data for other biochemical variables at baseline and at 
5-year follow-up in adolescent patients and controls are 
presented in the appendix (pp 1, 2). After 5 years of 
follow-up, the prevalence of vitamin D insuffi  ciency was 
63% (46/73) in adolescent surgical patients and 
57% (20/35) in adolescent controls. Low amounts of 
ferritin, iron, or both were present in 18 (24%) of 
76 adolescent surgical patients at baseline, increasing to 
51 (66%) of 77 at 5 years, compared with 12 (29%) of 
42 adolescent controls at 5 years (data at baseline not 
obtained for controls). One (1%) of 74 adolescent 
surgical patients had a low amount of vitamin B12 at 
baseline, increasing to 16 (22%) of 73 after 5 years of 
follow-up; the prevalence of vitamin B12 defi ciency after 
5 years of follow-up was 6% (2/31) in adolescent controls 
(appendix p 2).

Data for quality-of-life outcomes are presented in the 
appendix (p 3). At 5-year follow-up, signifi cant improve-
ments were recorded among adolescent surgical patients 
in the physical component summary score on SF-36 
(mean change 5·2, 95% CI 2·5–7·9). Moreover, three of 
the eight health domains showed pronounced changes, 
all of which are within the physical domain (fi gure 3): 
physical functioning (mean change 13·5, 95% CI 
8·1–19·0), physical role functioning (11·2, 4·0–18·3), 
and general health perceptions (12·4, 6·5–18·3). Physical 
role functioning was also signifi cantly better among 
adolescent surgical patients than adolescent controls 
(mean diff erence 13·5, 95% CI 2·2–24·8; appendix p 3). 
Weight-related psychosocial problems, measured using 
OP-14, were signifi cantly improved after 5 years of 
follow-up (mean diff erence –13·0, 95% CI –19·6 to –6·4).

Across the 5-year study period, 20 (25%) adolescent 
surgical patients had 21 additional abdominal surgical 
interventions, excluding plastic surgery (table 4). 

11 procedures were for acute intestinal obstruction and 
nine were for symptomatic gallstones. No deaths occurred 
across 5 years of follow-up. Some patients and their 
caregivers withheld information about substance misuse, 
even before surgery. We could not obtain valid data about 
adverse events and reoperation in adult controls.

Over 5 years of follow-up, including the index admission, 
adolescent surgical patients accumulated a mean of 
16·1 hospital days (95% CI 10·1–22·0), compared with 
2·8 days (1·5–4·1) for adolescent controls (mean 
diff erence 13·0, 95% CI 7·4–18·6). The mean  number of 
in-hospital days related to admissions for surgical 
procedures, including the index surgery, was 6·5 days 
(95% CI 4·5–8·6) for adolescent surgical patients 
compared with 1·6 days (0·9–2·2) for adolescent controls 
(mean diff erence 5·0, 95% CI 2·7–7·2). The mean 
number of outpatient visits was also higher for adolescent 
surgical patients than for adolescent controls 
(14·6 [95% CI 11·8–17·3] vs 10·0 [8·3–11·7]; mean 
diff erence 4·9, 95% CI 1·3–8·4). Mean total prescription 
drug costs over 5 years were similar for adolescent patients 
and controls (US$2317 [95% CI 1394–3239] vs $2701 [328–
5073]; mean diff erence –611, 95% CI –3252 to 2030).

Discussion
In our study, most adolescents undergoing Roux-en-Y 
gastric bypass for severe obesity had substantial weight 

Figure 3: Polar chart showing quality-of-life outcomes
Data are scores from the short-form 36 questionnaire (SF-36). *Signifi cant improvement between baseline and 
5 years among adolescent surgical patients. 
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loss, metabolic improvement, reduction in the chronic 
infl ammatory state, and enhancement of quality of life, 
which remained 5 years after surgery. The bypass 
procedure resulted in a mean 28% weight loss after 
5 years, which is comparable with the 28% reduction 
after 3 years reported in the Teen-LABS study.16 Rapid 
weight reduction during the fi rst year was followed by 
modest weight regain between 2 and 5 years. The 
matched adult controls, who had Roux-en-Y gastric 
bypass surgery at the same centre, had a similar mean 
weight reduction to the adolescent surgical patients, but 
adolescent controls undergoing conventional treatment 
had progressive weight gain. However, we noted greater 
variability in long-term weight outcome in adolescent 
surgical patients than in adults, which could indicate 
greater phenotypical heterogeneity, an augmented need 
for postoperative support to optimise outcomes, or both.

We and others have previously reported that metabolic 
risk factors and comorbid conditions improve substan-
tially in adolescents with severe obesity 2–3 years after 
gastric bypass surgery.16–18 In our study, these positive 
trends remained after 5 years. We noted amelioration of 
disturbed glucose homoeostasis, dyslipidaemia, and 
high blood pressure. We also recorded a substantial 
reduction in high-sensitivity C-reactive protein after 
surgery, suggesting improvement of the chronic 
infl ammatory state, which contributes to development of 
cardiovascular comorbidity.25,26 At 5 years, metabolic risk 
factors—eg, dyslipidaemia and increased liver enzyme 
concentrations—were more prevalent in adolescent 

controls than surgical patients, although direct 
comparison between the two adolescent groups was 
aff ected by crossover of controls to undergo Roux-en-Y 
gastric bypass during follow-up. Since individuals with 
the most severe weight gain had surgery during follow-
up, the control group became progressively healthier 
across the follow-up period.

Gastric bypass surgery is associated with an inherent 
risk of developing vitamin and mineral defi ciencies, 
owing to impairment of absorption and decreased food 
intake.27 Therefore, nutritional supplements were 
prescribed, according to Scandinavian clinical standards 
at that time. At 5 years after surgery, we noted a 
concerning prevalence of iron defi ciency, associated low 
haemoglobin levels, and vitamin D insuffi  ciency. Poor 
compliance with supplementation, as noted previously 
in similar populations, might have contributed to this 
outcome.17 Supplementation is an important area for 
improvement, and present guidance suggests adopting 
aggressive supplementation (eg, high doses of vitamin D) 
and use of highly eff ective compounds (eg, calcium 
citrate rather than calcium carbonate). Regular access to 
long-term follow-up between 2 years and 5 years might 
have ameliorated nutritional defi ciencies.

Psychosocial impairment is highly prevalent in 
adolescents with severe obesity,28 as recorded at 
baseline in our study.17,29 Adolescent surgical patients 
had improvements over 5 years in obesity-related 
psychosocial problems and in self-reported quality of 
life—most notably, in participants’ perceived general 
health and physical function. Improvements did not, 
however, occur across all aspects of quality of life, 
which should be communicated to patients and their 
families preoperatively to manage expectations. 
Specifi c attention must also be paid to identifying and 
helping individuals at risk of self-harm and suicide in 
this vulnerable group.

The accumulated in-hospital stay across 5 years was 
longer in adolescent surgical patients than in adolescent 
controls, which is in line with expectations in view of the 
primary procedure and incidence of complications and 
remedial interventions in the surgical group.30 Thus, 
obesity-related comorbid diseases recorded in adolescent 
controls did not augment the need for in-hospital 
treatments within 5 years of follow-up. Despite including 
routine prescribed nutritional supplementation, the 
observed costs of medication were no greater in 
adolescent surgical patients than in controls.

The number of additional procedures undertaken in 
adolescent surgical patients was higher than that reported 
within the Teen-LABS study,16 mainly because of a high 
frequency of intra-abdominal herniation associated with 
non-closure of mesenteric defects.31 Furthermore, the 
number of cholecystectomy procedures for gallstones was 
high in our study, presumably a result of substantial 
and rapid weight loss.32 However, rates of small bowel 
obstruction and cholecystectomy were similar in Swedish 

Number of patients (%)

Serious adverse events

All surgery 20/81* (25%)

Laparoscopy (small bowel obstruction)† 11/81 (14%)

Cholecystectomy (gallstones) 9/81 (11%)

Laparotomy (severe abdominal pain) 1/81 (1%)

Blood or iron transfusion (severe anaemia)‡ 2/81 (2%)

Observation and investigation only 
(abdominal pain)

9/81 (11%)

Psychiatric assessment (drug abuse)§ 6/81 (7%)

Other adverse outcomes

Anaemia 25/77 (32%)

Vitamin D defi ciency 20/73 (30%)

Low vitamin B12 16/73 (22%)

Low ferritin or iron 51/77 (66%)

Assessment by eating disorder team¶ 1/81 (1%)

Serious adverse events entailed admission to hospital. Other adverse events did 
not need admission. Defi nitions and thresholds are provided in the appendix 
(pp 6, 7). *21 procedures in 20 patients; †Obstruction caused by internal 
herniation or adhesions. ‡Anaemia requiring admission for iron therapy or 
blood transfusion. §Narcotic abuse requiring medical referral or intervention. 
¶Individual was referred for assessment but was never diagnosed with an 
eating disorder. 

Table 4: Adverse outcomes in adolescents after Roux-en-Y gastric bypass 
during the 5-year study period 
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adults undergoing the Roux-en-Y gastric bypass.31,33 Recent 
advances in practice have enabled reduction in the 
incidence of both internal herniation and gallstone 
formation by performing primary closure of mesenteric 
defects31 and ursodeoxycholic acid prophylaxis,33 
suggesting that the rate of additional surgery can be 
reduced by more than 50%.31,33

The overall risk-to-benefi t analysis for gastric bypass  
must take into account not only existing and imminent 
health implications for young people with severe obesity 
but also the failure of other treatments to achieve 
sustainable improvements.10,13 Although a few (3%) 
adolescent controls succeeded in reaching normal 
bodyweight after 5 years, most (90%) failed to reverse 
their obesity and two-thirds (69%) actually gained 
weight. With most controls gaining weight across 5 years, 
delaying surgery until adulthood—and thereby 
prolonging exposure to cardiometabolic risk factors—
likely increases the risk of development or progression of 
comorbid diseases.7

The strengths of our study include good rates of 
retention throughout follow-up, particularly considering 
that the population under study was comprised of 
adolescents and the 5-year follow-up period. Surgical 
procedures in adolescents and adults were done by 
surgeons at one centre, using a standardised and well 
recognised technique,19 refi ned over thousands of 
procedures in adults. Adult controls had an almost 
identical treatment pathway to adolescent surgical 
patients, minimising bias related to the treatment. 
Swedish health-care registries guarantee accurate 
quantifi cation of postoperative health care and 
medication use.

The limitations of our study include the non-randomised 
setting and use of a pragmatic, non-standardised, 
conservative treatment. However, to the best of our 
knowledge, only one long-term study has been published 
of a specifi c conservative treatment of obesity including 
adolescents, in which participants achieved only modest 
weight loss and almost 40% of participants were lost to 
follow-up across 5 years.34 A randomised controlled trial 
would have reduced the potential for selection bias; 
however, without safety and effi  cacy data, we judged this 
design challenging. Many bodyweight datapoints for adult 
controls were self-reported, although evidence from a 
population of overweight adults shows that self-reporting 
bodyweight data leads to under-reporting by only 
0·8–0·9 kg,35 allaying our concerns. There was also some 
attrition in patient numbers with respect to laboratory and 
quality-of-life measures. A 25% crossover to surgery 
among adolescent controls during follow-up limited 
comparability with adolescent surgical patients. Because 
of the limited size of the study population and, therefore, 
the low number of adverse events, adjustment was done 
for age and sex alone. Roux-en-Y gastric bypass was the 
only surgical procedure undertaken, because sleeve 
gastrectomy was novel at the time, although this method 

has been used in later adolescent series.16,36 Finally, 
although our study is nationwide, caution should be 
exercised in generalisation to other populations and 
regions.

In conclusion, Roux-en-Y gastric bypass results in 
substantial weight loss, frequent resolution of cardio-
metabolic comorbidity, and improvement in quality of life 
into the long term in adolescents with severe obesity. 
By contrast, non-surgical treatment can lead to further 
weight gain and surgery. The gastric bypass procedure 
was associated with additional surgical intervention and 
nutritional defi ciencies. The literature base now seems 
suffi  ciently mature to consider formal integration of 
bariatric surgery into treatment pathways for adolescents 
with severe obesity. However, adolescent bariatric surgery 
must be done within appropriate specialist multi-
disciplinary programmes that are specifi cally designed to 
accommodate adolescent patients and provide long-term 
follow-up and support. Future challenges include 
refi nement of indications and contraindications, 
identifi cation of ideal target age groups, and optimisation 
of postoperative support. We must also closely monitor 
patients for potential long-term adverse eff ects of surgery, 
across decades rather than years.
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