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Abstract
Background Metabolic and bariatric surgery is an effective strategy to curb the natural history of obesity progression and
improve psychosocial status in the short term for adolescents with severe obesity. The medium- and long-term psychosocial
impact of bariatric surgery in this population is not established.
Methods We searched MEDLINE (Ovid), EMBASE, Web of Science, PsycInfo, and the Cochrane Libraries through
October 2017 for reports of weight loss surgery (roux-en-Y gastric bypass, sleeve gastrectomy, and adjustable gastric
banding) on adolescents with severe obesity (age ≤ 21 years) having ≥ 6 months of follow-up. The primary outcome for
inclusion in systematic review was use of a validated quality of life (QoL) or other psychosocial instrument at baseline
and postoperatively. We used standardized mean difference (SMD) and random-effects modeling to provide summary
estimates across different instruments.
Results We reviewed 5155 studies, of which 20 studies met inclusion criteria for qualitative synthesis. There were 14
studies and 9 unique cohorts encompassing 573 patients which were eligible for meta-analysis regarding postoperative
change in QoL. Across surgical procedures, there was significant improvement in QoL of 1.40 SMD (95% confidence
interval 0.95 to 1.86; I2 = 89%; p < 0.001) at last follow-up (range 9–94 months). Trends in QoL improvement demon-
strated the greatest improvement at 12 months; however, significant improvement was sustained at longest follow-up of
60+ months.
Conclusions Weight loss surgery is associated with sustained improvement in QoL for adolescents with severe obesity across
surgical procedures. Long-term data for psychosocial outcomes reflecting other mental health domains is lacking.
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Introduction

Obesity is an evolving epidemic in industrialized nations with
increasing impact on a younger population [1]. Today, about
one in five children and adolescents aged 12–19 years are
obese, and nearly one in ten are severely obese (BMI >
120% of the 95th percentile) [2]. There is a concordant trend
toward earlier onset of comorbidities including cardiovascular
disease, type 2 diabetes, obstructive sleep apnea, and psycho-
social disease [3, 4]. Earlier onset and increasing severity of
obesity in adolescents come at a great expense to society, with
total healthcare costs attributable to obesity in the USA esti-
mated to reach nearly $1 trillion by 2030 [5]. Adolescent obe-
sity is also disproportionately affecting lower socioeconomic
strata in the developed world, becoming a driver for worsening
socioeconomic inequality [6]. While the need for effective
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obesity treatments is clear, no ideal approach has materialized.
Pharmacologic options are limited, and lifestyle modification
and behavioral strategies have demonstrated little sustainable
success, particularly in the adolescent population [7–9].

First described in the 1970s, adolescent bariatric surgery
gained interest in the mid-2000s given the potential for signif-
icant BMI reduction and comorbidity resolution [10, 11].
Multiple efforts to study the biochemical and physiologic effect
of this intervention are ongoing worldwide [12, 13]. At the
same time, increasing attention has been given to the complex
relationship between obesity and psychiatric disease found in
an adolescent population [14, 15]. Prior systematic reviews
have evaluated adolescent bariatric surgery and reported favor-
able impacts on BMI reduction and comorbidity resolution as
well as improvement in quality of life (QoL) and reduction in
anxiety and depression [10, 16–19]. Duration of follow up for
studies included in these reviews, however, was generally lim-
ited to 2 years or less. This is problematic given that one study
found the most improvement in QoL occurred in the first year
following surgery, followed by regression in the second year
[19]. More recently, a systematic review of adolescent bariatric
patients with a minimum of 3 years of follow-up was per-
formed, but psychosocial outcomes were not evaluated [20].

This study aims to update current understanding of psycho-
social outcomes for severely obese adolescents undergoing
bariatric surgery. We evaluate short-, medium-, and long-
term psychosocial outcomes to determine how this important
facet of adolescent obesity and well-being is impacted over
time by metabolic and bariatric surgery.

Methods

Review Protocol

After preliminary review of the existing literature, we devised
and registered a systematic review research protocol with
PROSPERO (CRD42018089023) [21]. We developed our
methodology consistent with the Cochrane Handbook and
PRISMA Statement guidelines [22, 23].

Study Eligibility Criteria

The following eligibility criteria were applied for our system-
atic review:

1. Study design: randomized controlled trials (RCTs), non-
randomized controlled trials, quasi-experimental studies,
and observational series with prospective data collection

2. Intervention: adjustable gastric banding (AGB), roux-en-
Y gastric bypass (RYGB), and sleeve gastrectomy (SG)

3. Population: obese adolescents ≤ 21 years old meeting lo-
cal criteria for bariatric surgery

4. Outcome: collection of psychosocial outcomes at baseline
and a minimum of 6 months after surgery using a validat-
ed instrument

Outcome Measures

The primary outcome of interest was change in psychosocial
outcomes for adolescents undergoing bariatric surgery. The
most common domain in which validated psychosocial mea-
sures are assessed relate to QoL, which includes health-related
or weight-related measures. We also abstracted any invento-
ries of anxiety, depression, body image, or other psychosocial
domains. The Mental Component Score of the 36-Item Short
FormHealth Survey was treated as a global measure of mental
health [24]. Secondary outcomes were changes in BMI, reso-
lution in comorbidities (type 2 diabetes, dyslipidemia, hyper-
tension, metabolic syndrome, elevated liver enzymes, non-
alcoholic steatohepatitis, obstructive sleep apnea, and ane-
mia), changes in nutrition (iron, vitamin D, vitamin B12 and
vitamin A), and complications (readmissions, reoperations
and mortality).

Search Methods

We searched MEDLINE (Ovid), EMBASE, Web of Science,
PsycInfo, and the Cochrane Libraries from January 1992
through October 2017. We used exploded MeSH terms and
keywords to generate sets for the following themes combined
with Boolean term “OR”: bariatric surgery, adolescent, and
obesity. We then used the Boolean term “AND” to find their
intersection (Supplementary Appendix A).We did not include
any limits on our search strategy. We reviewed references for
all included studies and searched the trial registry
ClinicalTrials.gov.

Study Selection

Execution of our search strategy resulted in a total of 7640
published entries; after removal of duplicates, this yielded
5155 unique articles. In an unblinded fashion, five authors
screened articles for inclusion based on title and abstract re-
view using Rayyan software [25]. This left 346 potentially
eligible studies which were subjected to full-text review by
three authors in a duplicative and blinded fashion. Any dis-
crepancies were resolved through group consensus.

Data Collection and Assessment of Methodological
Quality

We developed a standardized data collection form and abstrac-
tion was performed in a duplicative, blinded fashion by two
authors. Completed data flowsheets were consolidated, and all
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discrepancies were resolved based on group consensus. In the
event of missing data on the primary outcome for a series
published in the last 5 years, efforts were made to contact
the primary author. Due to a reliance on data from observa-
tional series, we adapted the ECRI Before-After StudyQuality
scale to assess methodological quality of eligible studies [26].
Specifically, we rated included studies as having low, high, or
unclear risk of bias with respect to 10 domains: (1) description
of previous treatments attempted, (2) use of prospective data
collection methods, (3) enrollment of all/consecutive patients,
(4) identification of clinical exclusion/inclusion criteria, (5)
uniform treatment of study subjects, (6) use of objective
and/or validated outcome measures, (7) attrition < 15%, (8)
comparison of attrition group characteristics, (9) financial
conflict of interest, and (10) conclusions which fit the reported
results.

Analysis

Data Synthesis

We performed meta-analyses using RevMan 5.3 [27]. To fa-
cilitate comparison across different psychosocial instruments,
we calculated summary estimates using standardized mean
difference (SMD), which normalizes the mean difference be-
tween baseline and follow-up scores by the standard deviation
within a given study. Random-effects modeling was used giv-
en the variation attributable to different surgical centers, pa-
tient populations, and psychosocial instruments. We per-
formed tests of heterogeneity using traditional cutoff values
for low heterogeneity of p < 0.10 and I2 < 50%. For the pri-
mary outcome of change in QoL, we performed subgroup
analysis by surgical procedure. We then performed pooled
analyses across surgical procedures to produce summary esti-
mates for studies using only the PedsQL instrument as well as
those using any instrument measuring depression, physical
self-assessment, and overall mental health. When multiple
studies reported on the same cohort of patients, we performed
analysis on the study with the longest duration of follow up.

Dealing with Missing Data

We attempted to contact the primary author for all manuscripts
for which data was lacking to complete meta-analysis. Four
studies did not provide information about the number of pa-
tients completing the psychosocial instrument at last follow-
up [28–31]. To include as many unique series as possible in
meta-analysis, we assumed 25% attrition in these studies—a
conservative assumption based on an average attrition rate of
18% in the remaining studies included in qualitative synthesis.
In addition, for studies reporting variance in psychosocial out-
comes using confidence intervals, we statistically converted

these to standard deviations for use in meta-analysis [13, 32,
33].

Sensitivity Analyses and Publication Bias Assessment

We conducted various sensitivity analyses for the primary
outcome of change in QoL. First, based on our methodologi-
cal assessment of study quality, we excluded studies that were
felt to have a high risk of attrition bias or unclear bias from
conflicts of interest. We also performed sensitivity analysis by
calculating a summary estimate using mean difference (MD)
for only the PedsQL instrument, removing heterogeneity in-
herent to meta-analysis across different instruments. Finally,
to assess for publication bias, we constructed a funnel plot of
treatment effect size versus study precision for studies includ-
ed in the primary outcome meta-analysis (Supplementary
Appendix B).

Results

Description of Studies

Results of Search

We reviewed 5155 studies by title and abstract and 346 articles
by full text. After this search, 27 studies met final eligibility
criteria; 7 of these were publications from identical patient
cohorts that did not provide any additional information and
were excluded. The remaining 20 reports comprised 14
unique patient cohorts and 771 adolescent patients who
underwent bariatric surgery and were included in qualitative
synthesis. Three studies did not have sufficient data for meta-
analysis [34–36]. This left 17 reports from 11 patient cohorts
eligible for meta-analysis of psychosocial outcomes. Of these,
9 cohorts (573 patients) examined QoL and 6 cohorts (210
patients) specifically used the PedsQL instrument—Fig. 1.

Included Studies

The characteristics of all 20 studies included in qualitative
synthesis are provided in Table 1. Studies originated from
eight different countries. Most studies were observational se-
ries, with the exception of one randomized controlled trial
[32], one non-randomized controlled study [12], and one pro-
spective cohort study [37]. Females comprised the majority of
patients (range 49–100%), and mean baseline age was be-
tween 15.2 and 18.6 years. Mean follow-up ranged from 9
to 94 months. Among the 17 studies eligible for meta-analy-
sis, we analyzed 9 unique cohorts reporting QoL outcomes
[13, 28–30, 37–41], 3 reporting on depression [29, 33, 42], 3
on physical self-assessment [31, 33, 37], and 4 reports on
changes to overall mental health [12, 32, 42, 43].
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Excluded Studies

Most studies excluded during full-text review did not report
on psychosocial outcomes (Fig. 1). Of the studies included in
qualitative synthesis, three were excluded from meta-analysis
for lack of adequate information on variance related to the
psychosocial instrument used. El-Matbouly used the Body
Image Questionnaire for 91 patients undergoing sleeve

gastrectomy and reported significant improvement at 5 years
of follow-up, although attrition was over 50% in this series
[34]. The other two studies used the PedsQL questionnaire on
smaller cohorts of gastric banding patients to 48 months of
follow-up, and also reported improvement in QoL [35, 36].

Two large, recent studies with long-term follow up of
young bariatric patients were excluded from qualitative syn-
thesis as only postoperative QoL data was collected. Jong

Fig. 1 PRISMA study selection
flow diagram
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et al. reported on 96 young adults aged 18 to 24 who
underwent banding, bypass, or sleeve gastrectomy and com-
pleted postoperative QoL questionnaires at 6 to 72 months of
follow up. Mean postoperative QoL was below national
norms, with clusters of well-adjusted and poorly adjusted pa-
tients. There was no difference in outcomes by surgery type
and little relation to degree of weight loss [44]. Ryder and
colleagues published QoL data from the Follow-up of
Adolescent Bariatric Surgery at 5 Plus years (FABS-5+) co-
hort, which collected psychosocial data at 1 year and between
5 and 12 years after surgery for 50 adolescents undergoing
RYGB [45]. Improved QoL was one of the only identifiable
factors associated with long-term weight loss maintenance
versus weight regain in this study.

Methodological Quality of Included Studies

An adapted version of the ECRI Before-After Study Quality
scale revealed that attrition bias (> 15% attrition in 5/20 stud-
ies; not reported in 3/20 studies), failure to examine character-
istics of patients lost to follow-up (15/20 studies), and unclear
impact from disclosed conflicts of interest (14/20 studies)
were the leading potential sources of methodological bias
(Fig. 2).

Publication Bias

We constructed a funnel plot of treatment effect size versus
study precision for the nine studies included in meta-analysis
of improvement in QoL at last follow-up (Supplementary
Appendix B). One small study was a significant positive out-
lier [37], but there was no overt asymmetry to suggest publi-
cation bias.

Meta-Analyses

Change in Quality of Life

Meta-analysis of change in QoL at last follow-up grouped by
surgical procedure is shown in Fig. 3. Data was available for
573 adolescent bariatric patients at baseline and, after imputa-
tion for incomplete follow-up data, 465 patients at last follow-
up (83.8% follow-up for 401 patients in studies with complete
data, 81.2% follow-up for all 573 patients after imputation).
Across the different surgical weight loss procedures, there was
significant improvement in quality of life of 1.40 SMD (95%
confidence interval (CI) 0.95 to 1.86; p < 0.0001) at last fol-
low-up. There was no significant difference (p = 0.16) be-
tween sleeve gastrectomy (+ 1.75 SMD; CI 0.49 to 3.00;
p < 0.0001), adjustable gastric banding (+ 1.66 SD; CI 0.89
to 2.44; p < 0.0001), and roux-en-Y gastric bypass (+ 0.92
SMD; CI 0.48 to 1.36; p < 0.0001). Heterogeneity was signif-
icant within (I2 = 75–92%) as well as between (I2 = 89%) theT
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procedures. These findings were stable to sensitivity analyses
that excluded studies at high risk of attrition bias or with po-
tential conflict of interest.

An additional analysis of mean difference was performed
limited to six studies using the PedsQL instrument,
encompassing 210 patients (Fig. 4). This demonstrated amean
improvement of 14.1 points (CI 10.3 to 18.0), although het-
erogeneity remained high (I2 = 81%). The biggest sources of
heterogeneity in this analysis were the series from Sysko and
Aldaqal; when these were removed, the mean improvement

was 19.7 points (p = 0.04) with more moderate heterogeneity
(I2 = 64%).

Because these analyses used data from different time points
of last follow-up, and to evaluate any trajectory in QoL change
over time, we performed summary estimates of change in QoL
at 6, 12, 18, 24, 36, and 60+months (Fig. 5). We found the
greatest improvement at 12 months (+ 1.69 SMD; CI 0.99 to
2.40) followed by gradual decline in effect size. However, QoL
improvement was sustained at 60+months (+ 0.76 SMD; CI
0.10 to 1.43) in the two studies providing this long-term data.
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Fig. 3 Subgroup analysis of standardized change in quality of life at last follow-up demonstrates significant improvement across surgical procedures
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Change in Other Psychosocial Outcomes

Data on other psychosocial outcomes was limited. For do-
mains evaluated by at least three reports, we did perform me-
ta-analyses. Three studies reported on depression at 9–
24 months of follow-up using the Beck Depression
Inventory [29, 31] or Beck Youth Inventory—Depression,
[33] each noting significant improvement. The CI for a posi-
tive SMD of 1.37 did cross the null hypothesis (p = 0.07).
Similarly, three studies reported improvement in physical
self-assessment at 12–24 months using the Rosenburg Self-
Esteem tool [33, 37] or the Stunkard Figure Rating Scale [31].
Again, the CI for a positive SMD of 1.61 did narrowly cross
the null (p = 0.06). Finally, four studies reported on overall
mental health. Two studies provided the Mental Component
Score from the Short-Form 36 questionnaire at a mean of
12 months [43] and 60 months [12] of follow-up: one study
used the Child Health Questionnaire Child Format out to

24 months, [32] and another used the Youth & Adult Self
Report at up to 72+months [39] of follow-up. Only one study
found significant improvement inmental health, and there was
no significant effect when combining the studies (+ 0.31
SMD, p = 0.35).

Secondary Outcomes Following Adolescent Bariatric
Surgery

Postoperative outcomes following surgery for included stud-
ies are presented in Table 2. The range of absolute and percent
BMI loss was 3.8–25.7 kg/m2 and 8–41%, respectively.
Substantial resolution of type 2 diabetes (50–100%), hyper-
tension (33–100%), dyslipidemia (32–100%), metabolic syn-
drome (38–100%), NASH and/or transaminitis (92–100%),
and obstructive sleep apnea (35–100%) was reported.
Overall reoperation rates were 10% for SG, 14–25% for
RYGB, and 2–43% for AGB. There was one reported death

Fig. 4 Mean improvement in quality of life for studies using the Peds QoL instrument exceeds the minimal clinically important difference
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Fig. 5 Trajectory of standardized mean change in quality of life over duration of follow up with sustained improvement at 60+months
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3.3 years following RYGB in a known type I diabetic patient
following a hypoglycemic episode. Our study was not de-
signed to compare the different surgical procedures with re-
spect to these secondary outcomes.

Discussion

This is the largest review of psychosocial outcomes following
bariatric surgery for adolescents with severe obesity. It is also
the first to compare QoL outcomes between surgical proce-
dures or investigate changes in QoL over duration of follow-
up beyond 2 years. Each of the three procedures we studied
led to significant QoL improvement, with no significant dif-
ference between procedures. The greatest improvement in
QoL was 12 months following surgery; however, significant
improvement was sustained for 60+months. Assessment of
other psychosocial outcomes following adolescent bariatric
surgery was limited but demonstrated a trend toward improve-
ment in depression and physical self-assessment out to
24 months, but not in overall mental health.

These findings are consistent with prior studies of psycho-
social outcomes following adolescent bariatric surgery. White
et al. performed a meta-analysis of four studies encompassing
110 adolescents with up to 34.7 months of follow-up and
found significant improvement in QoL of + 2.8 SMD with
peak improvement at 6–12 months. The same study included
a meta-analysis of two reports on depression, finding signifi-
cant but more modest improvement of + 0.47 SMD at 4–
6 months of follow-up [19]. Zeller and colleagues, who pro-
vide the longest-term data for psychosocial outcomes for a
small cohort of adolescent bariatric patients, noted improve-
ment in weight-related QoL into adulthood, but more varied
trajectories of mental health divided between those with re-
mittance and those with persistent symptomatology [39].

The need to perform meta-analysis across instruments
using standardized mean differences dilutes the ability to dis-
cern the clinical significance of these changes. A prior system-
atic review of studies reporting on health-related quality of life
identified a threshold of discrimination of about 0.5 standard
deviations, which all of our significant results exceeded [46].
Moreover, we found a 15- to 20-point improvement across
studies specifically using the PedsQL instrument, for which
a minimal clinically important difference of 5 points has been
described [47]. To this end, the positive effect of weight loss
surgery on QoL in this review reflects not only statistically
significant changes, but clinically significant ones as well.

The validity of our findings regarding improvement in QoL
is supported by the stability of this result despite various sen-
sitivity analyses, in which we excluded studies at high risk of
attrition bias or with potential conflict of interest. At the same
time, very few studies explored the characteristics of patients
lost to follow-up, which could be associated with having aTa
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poor psychosocial outcome. We included studies with < 25
patients, and error from these smaller samples is accounted
for by lesser weights in the meta-analysis. Ultimately, only
one study included in meta-analysis did not report significant
improvement in QoL, and this was in a subgroup of 11 adjust-
able gastric banding patients [13]. While the absence of neg-
ative studies in this review raises the prospect of publication
bias, we did not observe overt asymmetry in a funnel plot of
our primary meta-analysis.

Another important source of potential bias is heterogeneity
in local criteria for adolescent bariatric surgery. One study
failed to describe these criteria [43], but most reported criteria
reflective of best practice guidelines at the time (i.e., age of
skeletal bone maturity and BMI > 35 kg/m2 with comorbidity
or BMI > 40 kg/m2) [12, 13, 29, 30, 33, 35, 36, 40, 41].
Current guidelines have shifted to modern definitions of se-
vere obesity in children based on a percent above the 95th
percentile of age- and sex-matched growth charts, which
could impact the generalizability of our results [48].

Bariatric surgery is not, fundamentally, a procedure to ad-
dress chronic mental health conditions. In a 2-year follow up
of psychopathology prevalence and correlates among adoles-
cent bariatric patients and nonsurgical controls, Hunsaker and
colleagues reported half of patients with baseline disease saw
symptoms improve while the other half exhibited persistent
symptomatology [49]. Postoperative substance abuse, eating
disorders, and suicidal ideation are established concerns
among adults following bariatric surgery, but there is little
understanding of how this might impact a vulnerable adoles-
cent population [50–52]. Furthermore, adolescent surgical pa-
tients pose ethical challenges of assent and consent, how to
define the best interests of this population, and the conse-
quences of medicalizing and stigmatizing obesity at an early
age [53, 54]. Providers must remain aware of these issues
when consulting with prospective adolescent bariatric pa-
tients. In addition, adolescent bariatric programs have a bur-
den of responsibility to not only evaluate psychosocial readi-
ness for bariatric surgery, but also communicate expectations
and evaluate progress relating to psychosocial outcomes.

A major limitation of the present review is the ob-
servational nature of most included studies. The failure
to compare postoperative changes with adolescent con-
trols during a volatile period of psychosocial develop-
ment is a limitation of existing literature. Our study is
also unable to control for confounding across adolescent
bariatric centers which inevitably have non-standardized
co-interventions. For example, psychologists may be
more heavily involved in preoperative evaluation and
postoperative follow-up at some programs. There is a
randomized controlled trial (AMOS-RCT) of intensive
conservative treatment versus bariatric surgery for ado-
lescents 13–16 years old ongoing in Sweden, which will
provide a higher level of evidence [55].

An additional limitation is the relatively small number of
studies reporting on long-term psychosocial outcomes follow-
ing adolescent bariatric surgery. There are particularly few
reports of outcomes beyond 36 months; our analysis of QoL
was limited to one study at 36 months and two studies at 60+
months. The QoL meta-analysis includes two of the largest
cohorts to report on outcomes of adolescent bariatric surgery,
AMOS, and TEEN-Labs, whose results inherently bias our
findings. Inconsistent improvement in other psychosocial do-
mains and variable trajectories of postoperative mental health
in general merit further investigation.

Conclusions

Surgical weight loss interventions lead to sustained improve-
ment in quality of life for adolescent bariatric surgery patients.
Randomized controlled studies and long-term data of other
psychosocial outcomes such as depression, anxiety, and over-
all mental health are sparse for this population. Further study
is needed to understand baseline psychosocial features that
may predict the response to weight loss surgery, inform patient
selection, and improve postoperative psychosocial care for
adolescent bariatric patients.
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