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Abstract

Objective: This review synthesizes literature on changes in binge eating (BE) and loss of control
eating (LOC) following weight loss, and the association between BE/LOC and weight loss in
children and adolescents.

Methods: A systematic literature search was conducted in PubMed, Scopus, and Psyclnfo.
Eligible studies included all peer-reviewed journal articles of primary research that assessed
BE/LOC and weight change following a weight loss intervention in individuals under 18 years of
age.

Results: The 29 articles included studies on behavioral therapy, pharmacotherapy, and surgical
interventions. Four of 14 studies showed that higher baseline BE/LOC was associated with less
weight loss, while 10 showed no significant association. BE/LOC behaviors significantly
decreased following weight loss interventions in 20 of 21 studies. A greater decrease in BE/LOC
was associated with improved weight loss in four of nine studies that assessed this change.

Conclusions: Weight loss interventions are associated with improved BE/LOC in youth with
obesity. Persistence of BE/LOC symptoms may be associated with less weight loss. These results
can aid in guiding future treatment for youth with BE/LOC seeking weight loss treatment.
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Introduction

Pediatric obesity is a global health concern. Rates of obesity in pediatric populations remain
high in developed countries such as the United States and Canada with prevalence rates of
18.5% and 13.1%, respectively (1). This is of particular importance due to the association of
pediatric obesity with metabolic syndrome, inflammation, and a variety of other
comorbidities (2). Current weight management treatments for pediatric patients include
behavioral therapy, pharmacotherapy, and bariatric surgery (3). These treatments can help
patients lose weight. However, there has been concern that, in children and adolescents, they
may promote or worsen disordered eating behaviors, such as binge eating (BE) and loss of
control eating (LOC) (4). Several mechanisms have been proposed that may underlie this
relationship (5). High levels of rigid dietary restraint have been identified as a central risk
and maintaining factor of BE. Dieting may result in hunger and associated physiological
responses, which may contribute to BE. In some individuals, externally or self-imposed
dietary rules may be strict and increasingly difficult to sustain over the long term. The
inevitable breaking of these rules may induce an all-or-none reaction, resulting in binge
eating (i.e., the abstinence violation effect).

BE is reported by 20-35% of youth seeking weight loss (6). BE is defined as “the subjective
experience of loss of control while eating a reportedly objectively large amount of food” (7).
In 2013, the Diagnostic and Statistical Manual of Mental Disorders, 51" edition (DSM 5)
added binge eating disorder (BED) as an independent diagnosis for those who have recurrent
binge eating episodes while experiencing associated features (Table 1). Though it is a new
diagnosis, it is the most prevalent eating disorder among adolescents (8, 9). Of note, one of
the first descriptions of BE among adults was in 1959 (10). It was not until 1993 that more
research was published regarding binge eating in adolescents with obesity, with studies
demonstrating that BE was associated with depression (11).

In pediatric patients, there are challenges in defining “a large amount of food” when
considering the possibilities such as increases in calories related to growth spurts. Studies
have found high levels of psychopathology regardless of whether the amount of food is
objectively large, thus questioning the salience of this attribute (12-15). Consequently,
several investigators have examined loss of control eating (LOC) in substitution for, or in
addition to, BE, as it does not include the requirement of an objectively large amount of food
consumed during such an episode (7). Instead, LOC can be broken down into subjective
binge episodes (SBEs), in which the participant experiences a loss of control and does not
consume an objectively large amount of food, and objective binge episodes (OBES), in
which they experience both a loss of control and consume an objectively large amount of
food (Table 1) (16). Rates of LOC are 31.2% in youth with overweight (17). BE and LOC
have been shown to be significantly correlated to weight and weight loss in adults (7).
Adults tend to have decreases in BE/LOC with weight loss interventions, and persistent
BE/LOC is also associated with less weight loss (18, 19). Previous literature has indicated
that BE and LOC may have a different impact in children and adolescents than in adults
(14). Therefore, identification of the effects of weight loss treatment on these behaviors in
youth is critical.
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The first-line treatment for BED is cognitive behavioral therapy (CBT), which is associated
with declines in BE but typically does not produce weight loss (20, 21). Cognitive and
behavioral models of BED hypothesize that increased dietary restraint is a mechanism linked
to BE (22-24). Thus, there is controversy about whether those with binge eating should seek
weight loss treatment or whether they should seek CBT first (25). In addition, it has been
hypothesized that BE may impair weight loss outcomes and may be a factor that helps to
explain the heterogeneity in weight loss seen with different weight management treatments
(26, 27). Research is needed on factors that may help to identify individuals who need
additional treatments.

A systematic review and meta-analysis in 2019 examined eating disorder risk in youth
receiving weight management treatment, but focused solely on treatment-seeking patients
who were overweight and received either health education or a diet regimen (28). The
review excluded all studies of patients who received bariatric surgery, pharmacotherapy, or
online programs, the last of which is commonly used by youth. The review analyzed overall
eating disorder risk and had limited data on BE/LOC. The authors reported on five studies
that examined BE, but did not include LOC. The results of this review did indicate a
reduction in BE, along with other eating disorder symptoms, following weight loss
interventions, when compared to pre-intervention. The present review expands on the topic
by analyzing all forms of weight loss interventions. Additionally, this review focuses
specifically on BE/LOC, as opposed to general eating disorder behaviors or
psychopathology. As there is currently minimal evidence from clinical trials to guide
treatment of BE in youth, a systematic review of the relationship of weight loss
interventions, weight loss outcomes, and BE/LOC can aid researchers and clinicians in
future treatment models (29).

The aim of this systematic review was to synthesize research on the association between
BE/LOC and weight loss outcomes in children and adolescents. This review encapsulates
studies that involved weight loss interventions and compared the study population before
and after the intervention, studying outcomes of weight change and, when available,
BE/LOC change. The two specific aims were to: a) determine if BE/LOC increased during
weight loss treatment; and b) determine if BE/LOC impaired weight loss outcomes.

We conducted a systematic search for relevant articles published before June 13t 2020, in
consultation with a science literature librarian at the University of Pennsylvania. Data
extraction and synthesis was completed in accordance with Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines for systematic reviews
(30). Manual searches were conducted by reviewing references from relevant articles and
previous systematic reviews on similar topics.

Eligibility Criteria

This review sought to include all published, peer-reviewed journal articles, written in
English, that contained primary data on BE and/or LOC and weight loss outcomes in
patients under 18 years of age with overweight or obesity who received any method of
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weight loss intervention. Unpublished data, conference reports, review articles, abstracts,
protocols, and editorials were excluded.

Search Strategy

The search strategy for this review was created in consultation with an experienced librarian.
Three databases were used: Scopus, Psyclnfo, and PubMed. In accordance with the PICO
strategy of the PRISMA 2020 guidelines, three search strings were utilized for each search,
related to population (children/adolescents), intervention (any weight loss intervention) and
outcomes (BE/LOC and weight loss). Detailed information on the search strategy is included
in Table S1.

Study Selection

This search was completed by one author (AFM) and yielded 923 results from Scopus, 761
from PsyclInfo, and 677 from PubMed (Figure 1). An additional 5 records were identified by
AFM from reference lists of other articles and reviews that resulted from this search. Once
duplicates (n=654) were removed, 1712 articles remained. AFM screened these articles’
titles and abstracts, and 1512 articles were excluded. Reasons for exclusion were: a) no data
on weight loss outcomes (n=623); b) no data on patients under 18 years old (n=474); ¢) no
data on BE/LOC (n=406); or d) subjects were not human (n=9). 200 full-text articles
remained.

To ensure that no pertinent studies were missed by one reviewer, the 200 studies were
assessed individually by AFM and KMQ, resulting in 171 excluded articles due to: a) no
weight loss intervention or data on weight loss outcomes (n=74); b) no data on patients
under 18 years old (n=51); or ¢) no data on BE/LOC (n=46). This resulted in the inclusion of
29 articles.

Data Extraction/Synthesis

Data extracted were recorded in a Microsoft Excel file by one author (AFM). These data
included study population characteristics, study design, measures, and interventions used,
and results (Tables S2.1, S2.2, S2.3). Regarding study population, data were extracted on
sample size, sample population and inclusion criteria, age, gender, race/ethnicity, and
baseline weight assessment. Data were extracted on country of study, study design, study
duration, study aims, intervention, measures used to assess BE/LOC, and weight change.
Data extracted regarding study results included baseline weight variables (e.g. BMI, z-BMI,
BMI percentile), baseline BE/LOC, follow-up (F/U) BE/LOC (when available), weight
change (e.g. BMI change, z-BMI change, weight change), and overall study findings.

Risk of Bias

The risk of bias was assessed for the randomized clinical trials (n=8) using the Cochrane
Collaboration’s Tool for Randomized Clinical Trials, the non-randomized studies (n=3)
using the Cochrane Tool for Non-Randomized Case-Control Studies, and the cohort studies
(n=18) using the RIT Tool for Cohort Studies. Independent reviewers (authors AFM, KMQ)
assessed the risk of bias of each report using these tools, with agreement on 91% of
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individual assessments (Tables S3.1, S3.2, S3.3). Discordance in reviewers’ assessments
were resolved through discussion.

Quality Assessment

Results

The quality of the 29 reports included was determined in accordance with the NIH Quality
Assessment Tools for Controlled Intervention Studies, for Before-After (Pre-Post) Studies
with No Control Group, and for Case-Control Studies. Independent reviewers (authors AFM
and KMQ) assessed the quality of each report using these tools, with agreement on 89% of
individual assessments (Tables S4.1, S4.2, S4.3). Discordance in reviewers’ assessments
were resolved through discussion.

Study Population Characteristics

All studies were published between January 2004 and March 2020. The majority of studies
were conducted in the USA (n=16), with the remaining studies conducted in Belgium (n=5),
Brazil (n=4), Sweden (n=3), and Germany (n=1) (Table S2.2). There was also a wide range
of sample sizes across studies. Studies such as Tanofsky-Kraff et al. 2010 were pilot studies
with smaller sample sizes (n=38) (31). Sample size ranged from 22 to 234 (32, 33).

Many studies’ samples had similar demographics. Twenty-four studies (82.8%) had majority
female samples, and only five had a majority of males (34-38). Additionally, race/ethnicity
information on study samples was available for 18 studies. Of these studies, 83.3% (n=15)
had racial/ethnic minorities make up at least 20% of their study sample. Many of the studies
that had a smaller percentage of participants from racial/ethnic minority groups or did not
report racial/ethnic demographics were conducted outside of the USA in racially
homogenous countries. One study specifically intended to recruit solely racial/ethnic
minorities into its study sample, resulting in a breakdown of 88% African-American, 6%
Hispanic, and 6% other minorities (38).

While all studies focused exclusively on children and adolescents, the studies ranged in the
age of participants. A majority of included studies (n=16) exclusively recruited teenagers
between the age brackets of 13-17, 13-18, 14-17, 14-18, or 15-19 years, or recruited solely
high school students (Table S2.1). Otherwise, studies included youth between the ages of 7—
17, 8-15, or 8-17 years (n=7). The remaining studies recruited only younger children,
between the ages of 7-11, 8-12, or 8-13 years (n=6). Across all studies, the mean sample
age ranged from 9.93 to 17.1 years.

The primary measures used to identify overweight and obesity in the 29 studies were BMI
(n=17) and weight percentile (n=12). Some studies reported adjusted BMI (adjusted for age
and gender) or z-BMI. Of those that used BMI to measure overweight/obesity, the average
baseline BMI ranged from 25.1kg/m? to 51.6 kg/m? (31, 39). Participants with BMIs above
30, 35, or 40 kg/m?2 were selected for various studies. Of the studies that used weight
percentile requirements, participants ranged from above 85t, 90t 95t or 97t percentile,
or between 75t to 97" percentiles.
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Research Methods

Of the 29 studies included, RCTs accounted for 28% (n=8), case-control studies made up
10% (n=3), and longitudinal cohort studies comprised 62% (n=18). While all the studies
involved a weight loss intervention, there was considerable variation in the types of
interventions. 21% (n=6) reported on specific surgical interventions such as Roux-en-Y
gastric bypass, laparoscopic adjustable band, sleeve gastrectomy, or they included all forms
of bariatric surgeries. Another 21% (n=6) reported on in-patient weight loss treatments. 21%
(n=6) assessed family-based behavioral interventions, 17% (n=5) assessed interdisciplinary
therapies, and 14% (n=4) assessed interpersonal therapy alone. One study utilized a virtual
CBT program, and another assessed family-based lifestyle modification with pharmaceutical
intervention (sibutramine) or placebo, followed by lifestyle modification visits and open
label pharmacotherapy. Study intervention period also ranged from 16 weeks to 2 years (not
including surgical interventions). Similarly, study follow-up period varied from no follow-up
(n=9), to follow-up of up to 6 years.

These studies also varied in the measures used for assessing BE/LOC and weight loss. A
majority of the studies utilized a self-report assessment to determine BE/LOC (n=16). These
16 studies used the following interventions: surgical (n=6), inpatient behavioral (n=2), and
outpatient behavioral (n=8). Of note, all the studies utilizing behavioral interventions
assessed self-reported BE/LOC. Of these studies that used self-report assessments, 43.7%
(n=7) measured BE or LOC using the Binge Eating Scale (BES), 12.5% (n=2) with the
Children’s Eating Disorder Examination Questionnaire (ChEDE-Q), 12.5% (n=2) with the
Questionnaire on Eating and Weight Patterns (QEWP), and the remaining studies (n=5) each
utilized one of the following: the Eating Behaviors Inventory (EBI), the Children’s Eating
Attitudes Test (ChEAT), the Eating Disorder Diagnostic Scale (EDDS), the Eating Disorder
Examination Questionnaire (EDE-Q) and a single-item questionnaire reporting binges per
month. These self-report questionnaires varied in the length of assessment, with a range of
1- to 64-items assessing BE and associated behaviors, and nearly all used more than one
self-report assessment for confirmatory purposes. The remaining studies assessed BE or
LOC clinically through a semi-structured interview (n=13). The interventions of these 13
studies include pharmacotherapy (n=1), CBT (n=1), inpatient behavioral therapy (n=4), and
outpatient behavioral interventions (n=7). The majority of these studies (n=12) utilized
validated semi-structured interviews: Eating Disorder Examination (EDE) (n=5), Children’s
Eating Disorder Examination (ChEDE) (n=6), and Eating Behaviors Inventory (EBI) (n=1).
One study utilized a non-validated confirmatory interview following the QEWP to determine
presence of BE. The assessed outcomes included binges per month; prevalence of BE, BED,
or subthreshold BE; SBEs, OBEs, OOEs; BE episodes in prior 3 months; LOC episodes per
month; LOC-OBE, LOC-C (continuous LOC); BE days per month and BE times per week;
and BES score. Similarly, weight loss measures varied, either by change in z-BMI, BMI,
BMI percentile, weight, percent weight change, excess BMI percent loss, and/or BMI
adjusted for age/gender.

All studies included data on BE/LOC and weight loss, but there was additional variation in
the analysis of these outcomes. All studies assessed baseline BE/LOC, but only 72% of
studies (n=21) assessed BE/LOC following treatment, allowing for assessment of change in
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BE/LOC. Of these 21 studies that assessed this change, only nine of them directly analyzed
the relationship between change in BE/LOC and weight loss outcomes. Meanwhile, 15
studies directly analyzed the relationship between baseline BE/LOC and weight loss (Table
2). The remaining 14 studies, though included in this review, did not directly analyze the
relationship between BE/LOC and weight loss, but did include data on both these measures.

Study Results

Baseline BE/LOC.—While all studies assessed baseline BE/LOC, the level of BE/LOC
across study samples varied significantly (Table S2.3), as these studies varied in their
inclusion criteria and participant demographics. Per the inclusion criteria, all participants in
Jones et al. 2008, which utilized an online CBT intervention, reported some level of BE or
overeating behaviors (40). Similarly, two studies only included participants that reported at
least 1 LOC episode in the previous month at baseline (27, 41). The remaining 26 studies
had no inclusion criteria regarding BE/LOC behaviors. Of these studies, BE/LOC prevalence
ranged greatly. Damaso et al. exhibited the lowest BE prevalence at 6%, while Goossens et
al. 2009 reported the highest rate of baseline LOC at 71.4% (42, 43). Studies on surgical
interventions had a relatively small range of baseline BE and LOC symptoms. BE symptoms
were present in 15.0% to 15.4% of participants, and LOC symptoms were present in 23.5%
to 27.8% of participants across all studies utilizing surgical interventions that assessed each
BE and LOC baseline symptoms (26, 33, 44). In the studies that utilized behavioral therapy,
BE and LOC symptoms at baseline were present in a broader range across studies: BE
prevalence ranged from 6% to 56%, and LOC prevalence ranged from 6.2% to 71.4% of
patients (42, 43, 45, 46).

Mean weight loss.—Nearly all studies displayed statistically significant weight loss
outcomes following weight loss interventions, with the exception of five studies (Table 2).
Three studies found that their mean BMI, adjusted BMI, and z-BMI changes were not
statistically significant from baseline or from the control groups (37, 38, 47). Two studies
reportedly resulted in successful weight loss but did not directly display these data or state if
they were statistically significant, likely due to their small sample sizes (34, 35).
Additionally, Tanofksy-Kraff et al. 2014 showed no significant change in BMI at End-of-
Treatment (EOT) and each follow-up, although decreases in z-BMI and adjusted BMI were
found to be significant. Though these studies’ interventions resulted in weight losses that
were not statistically significant, multiple studies indicated large weight losses (45). These
significant weight loss outcomes were assessed at a range of time frames, from as short as
immediately following the first month of treatment, to follow-ups 5-years after EOT. Studies
of surgical therapies ranged in weight loss outcomes. The study with the lowest BMI
reduction, Sysko et al. 2013, resulted in a mean 4.66 BMI decrease from baseline.
Contrastingly, Hunsacker et al. 2018 had the greatest mean BMI decrease of 15.6 units (36,
45). In comparison, of the studies on behavioral therapy (n=15), the largest mean decrease in
BMI was 4.1 units at the end of 1 year of treatment, while two of these studies found no
significant decrease (42). Inpatient treatment had significant variation in weight loss.
Goossens et al. 2011 showed no significant difference in weight loss, with a decrease of
mean BMI of only 0.31. The most successful inpatient behavioral intervention resulted in
mean percent weight losses of 13.4%, 36.9%, and 52.5% of adjusted BMI after 1 month, 4

Obesity (Silver Spring). Author manuscript; available in PMC 2022 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Moustafa et al.

Page 8

months, and 10 months of treatment, respectively (48). On average, bariatric surgery
interventions had larger weight reductions when compared to inpatient and behavioral
interventions.

Baseline BE/LOC and weight loss.—Of the 14 studies that assessed the relationship
between weight loss and BE/LOC at baseline, ten found no significant association between
baseline BE/LOC and WL (Table 2). All four that found a significant association exhibited
that higher baseline BE/LOC was associated with less weight loss (44, 49-51). These studies
varied in most respects, including the intervention used (two utilized bariatric surgery and
two utilized behavioral therapy), the BE/LOC measures used (ChEAT, EDDS, EDE-Q, and
BES respectively), the outcomes asessed (days of BE per month, frequency of SBEs, score
on BES above or below 18, EDE-Q assessment of OBEs and SBEs), and the follow-up
period, ranging from no follow-up to a 15-month follow-up (50, 52). Furthermore, the
samples of these four studies varied in their mean ages (10.2 to 16.6 years old), sample sizes
(66 to 192 participants), and nationalities (three were conducted in the USA, one in Brazil).
These four studies also include one study which did find a significant association with
weight loss at EOT, but the correlation was no longer significant at either follow-up
assessment (51). Additionally, the ten studies with no significant associations includes a
study by Albayrak et al. which found that higher baseline BE/LOC was associated with less
weight loss, but results were not strong enough to be significant.

Two of the studies that found no significant association between baseline BE/LOC and
weight loss outcomes (WLO) did assess the relationship between reported SBEs and
program completion (35, 43). These two studies each came to opposite conclusions: while
Goossens et al. found that baseline SBE had a positive correlation with program completion,
Levine et al. found that baseline SBE had a negative correlation with program completion.

Change in BE/LOC and Weight Loss.—Several studies assessed change in BE/LOC,
yet only a few (n=9) directly analyzed the relationship between weight loss success and
change in BE/LOC (Table 2). Of these, a majority of the studies found no significant
association (n=5). The other studies (n=4) all illustrated that a greater decrease in BE/LOC
was significantly associated with more weight loss (26, 33, 50, 53).

These nine studies included one pharmacologic intervention; multidisciplinary, family-
based, or interpersonal therapy intervention; and three bariatric surgical interventions. All
three studies assessing surgical outcomes found a positive association between decreased
BE/LOC and improved weight loss, while only one of the four studies of multidisciplinary
therapy displayed this association. There was also an association between the BE/LOC
measure used and significant results. All four studies that found a significant association
between change in BE/LOC and weight loss utilized a self-report questionnaire to assess
BE/LOC, either BES to assess BE (n=3) or QEWP-R to assess LOC and OBEs (n=1).
Contrastingly, four of the five studies that found no significant association used validated
interviews assess BE/LOC.

The association between change in BE/LOC and weight did not appear to be moderated by
racial, ethnic, gender, or nationality demographics of the samples. Instead, there is some
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suggestion that the relationship between BE/LOC and impaired weight loss may be strongest
among adolescents. The four studies that showed a significant association between a greater
decrease in BE/LOC and more weight loss had inclusion criteria of either 13-19 or 13-18
years old, with a mean age between 16.5 and 17.1. Whereas the other five studies had a
mean age range of 10.9 to 15.1, with a total age range of 8-17 years old. Further studies are
necessary to investigate the potential influence of age on these relationships. Another
distinction between these groups of studies is that nearly all the studies that found no
significant association had relatively short follow-up times, either 5 months, 9 months, 1
year, 2 years, or no follow-up. The four studies that found a significant association had, on
average, longer follow-ups of 2 years, 4 years, 5 years, with only one study including no
follow-up.

Change in BE/LOC across study.—Twenty-one studies assessed change in BE/LOC
(Table 2). All except one indicated a significant decrease in at least one measure of BE/LOC
behavior (54). While the results of Balantekin et al. 2017 were not statistically significant, a
decrease in number of LOC episodes per month was present, from 1.28 at baseline to 0.57 at
EOT.

A decrease in BE/LOC was found across studies that used a variety of measures. Damaso et
al. assessed prevalence of BE and found a decline from 6% to 2% (42). Carnier et al. 2008
assessed BES score, BE prevalence, severe BED and moderate BE, and found significant
decreases in all these measure — mean BES score deceased from 18 to 11.61, BE prevalence
decreased from 40% to 17%, severe BED prevalence declined from 10.12% to 5.88%, and
moderate BE decreased from 30.33% to 11.49% (32). Mean LOC episodes per month
deceased in the intervention group of Tanokfsy-Kraff et al. 2010 from 3.5 to 0.53 (31).
Similarly, participants reporting LOC-OBE in Goldschmidt et al. deceased from 15.4% to
3.8% (33). Some studies that assessed BE/LOC using multiple measures found that not all
measures resulted in significant change. For example, Goossens et al. 2011 found a
significant decrease in SBEs but no significant change in OBEs (43). Similarly, Jones et al.
found a significant decrease in SBEs and OBEs but not OOEs at both EOT and at follow-up
(40).

Overall, the risk of bias was low across the studies as assessed by the Cochrane and RIT
Tools for Risk of Bias Assessments (Tables S3.1, S3.2, S3.3). Specifically, each study had
consistent inclusion criteria, exclusion criteria, and methods of recruiting participants.
Additionally, the majority of studies (n=23, 79%) reported either low loss to follow-up
(below 20%) or assessed the impact of loss to follow-up through some statistical adjustment
method. Despite these strengths, one of the most consistent sources of potential bias was that
the majority of studies (n=24, 83%) did not report any blinding of study staff delivering
interventions and assessing outcomes. The main outcomes that were analyzed in this review,
in particular weight, and self-reported BE/LOC measures, were likely minimally impacted
by a lack of blinding, but it is possible that the lack of blinding may have biased study
findings. Future studies should include masked outcome assessors when possible, to help
reduce the potential for bias.
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Quality Assessment

Overall study quality was moderate, as assessed by the NIH Quality Assessment Tools
(Tables S4.1, S4.2, S4.3). The included randomized clinical trials (n=8) and case-control
studies (n=3) had higher study quality than the Before-After/Pre-Post studies (n=18). This is
largely due to the fact that 82% (n=9) of included RCTs and case-control studies (n=11)
reported no statistically significant differences between groups at baseline. Additionally, all
29 studies utilized clearly defined, valid, and reliable measures to assess outcomes, and had
clearly described and consistently delivered interventions across the study population. While
this displayed strong quality overall, the quality of many studies suffered due to their sample
sizes. Only 45% of studies (n=13) either reported sample size justifications, reported sample
sizes large enough to be confident in their findings, or reported sample sizes large enough to
detect a difference in outcomes with at least 80% power. This is a commonly occurring
limitation in long-term clinical studies such as those included in this review. This still
detracted from overall study quality, and thus we consider these studies to be of moderate,
but not high, quality.

Discussion

These 29 articles show the effects of pharmacotherapy, surgical interventions, or behavioral
therapy on weight outcomes and BE/LOC. Nearly all included studies presented statistically
significant weight loss outcomes, and high baseline BE/LOC rates. Among children and
adolescents, weight loss interventions resulted in significant declines in BE/LOC. Evidence
was found that higher baseline BE and LOC measures could hinder weight loss success in
children and adolescents, and that greater decreases in BE and LOC are association with
improved weight losses.

While BE/LOC prevalence in adolescents is thought to be relatively low, between 0.3% and
3.1% (55), previous research has estimated BE/LOC prevalence among adolescents seeking
weight loss interventions to be upwards of 30%, and was even as high as 70% in some
included studies (7, 56, 57). Baseline BE/LOC in included studies ranged from 6% to 71%,
not including studies which listed BE/LOC in their inclusion criteria. There are a multitude
of explanations for this large range. Firstly, several different BE and LOC assessments were
utilized, from a single-item questionnaire to structured clinical interviews, which may result
in inconsistencies in prevalence across studies. Additionally, the age range of participants
varied across studies, and research has indicated that the prevalence of BE/LOC increases in
late adolescence (58). Furthermore, the prevalence of BE/LOC differed across demographic
groups and across countries, and thus the differences in gender, racial, and ethnic breakdown
could account for this range (59).

We found declines in BE/LOC that are consistent with weight loss research on adults;
previous studies have found pharmacological, surgical, CBT, and interpersonal therapy
interventions to be successful in decreasing BE/LOC in adults seeking weight management
(18, 60). Of the studies that assessed change in BE/LOC, 95% (n=21) demonstrated a
decrease. While this was the general trend, these studies were limited in their lack of
reporting of changes in BE/LOC on an individual level. The one study that assessed this
found that BE prevalence decreased from 24% to 3%, but four patients developed new BE
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behaviors during the study (61). Thus, continued monitoring for BE/LOC is important for
youth in weight loss programs. Additionally, continued research could allow for further
assessment of development of disordered eating during weight loss interventions in children
and adolescents.

In addition to an overall decrease in BE/LOC, the studies analyzed assessed that a greater
decrease in BE/LOC may be associated with larger weight loss. Nine studies assessed this
change, four of these studies denoted a statistically significant relationship. Three of the four
studies utilized bariatric surgery interventions. These results are similarly consistent with
research on adult populations, which found that the persistence of post-bariatric BE/LOC is
associated with less weight loss (60, 62, 63). Though previous research has confirmed the
importance of screening for these behaviors in adults following bariatric surgery, this review
establishes that similar screening is necessary in youth following bariatric surgery (62).
Further research addressing the association between the change in BE/LOC and weight loss
outcomes with non-surgical interventions is needed. Most non-surgical interventions did not
assess this relationship, but research with adults illustrate that this association may be
significant. Multiple studies have found that adults with overweight who reported greater
decrease in BE following non-surgical weight loss interventions were more successful than
adults who had less significant change in BE (56, 64).

Though the included studies involved numerous types of interventions, only one included
study utilized pharmacotherapy (61). It is important to note the limited literature on
medications for BE/LOC and weight loss in adults and adolescents alike, as most studies of
weight loss medications do not include data on BE/LOC (65).

There was significant variability in the measures used to assess BE/LOC. Most studies
utilized self-report assessments. Adolescents are more likely to report elevated BE on a
questionnaire when compared to an interview (66). Adolescents may find it difficult to
assess if their food intake is objectively large, possibly leading to overreporting of OBE (67).
Delineating SBES/OBEs on self-report measures may be confounded across time as
participants learn what is considered an appropriate amount of food as they undergo
treatment (35, 47). However, adolescents may experience shame or guilt related to BE and
may be more likely to disclose this behavior on a questionnaire compared to an interview.
Nonetheless, most studies utilized validated self-report or interview measures such as EDE-
Q or EDE, ChEDE-Q or ChEDE, and EDI. Not all studies used validated measures. For
example, Teder et al. 2013 assessed BE/LOC via a single-item. Furthermore, there is
concern regarding the validity of LOC, compared to BE, in adolescents. Specifically,
multiple studies noted that measuring SBE is likely less predictive than OBE, possibly due
to the difficulty adolescents have in defining experiences of LOC. The ChEDE was the most
frequently used interview measure in the included studies. It is also validated for use in
children and adolescents and is able to assess multiple facets of LOC, including OBEs,
SBEs, and OOEs. While time and labor intensive, we suggest the use of the ChEDE to
assess BE and LOC in future studies, when feasible.

Concerns have been expressed about using weight loss interventions in youth, particularly
that they may promote disordered eating and restrictive diets (4). It is important to
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emphasize the distinction between restrictive, disordered dieting and the weight loss
interventions used in the included studies. The studies included followed specific medical
interventions, such as bariatric surgeries or FDA-approved medications, as well as
interdisciplinary behavioral therapies. These behavioral therapies focus on psycho-
education, building communication skills, resolving family conflict, identifying triggers,
interpersonal therapy, and cognitive-behavioral therapy techniques. Though the primary
intention of these therapies in these studies was weight loss, they have been found to
decrease, not increase, disordered eating behaviors, including but not limited to BE/LOC,
while also improving general psychopathology. For example, Braet et al. 2006, which
utilized an inpatient weight loss intervention, found that following treatment, patients
showed significant improvement in global self-worth, and decreased symptoms of eating
disorders. Shomaker et al 2017 assessed the impact of family-based interpersonal therapy, an
intervention used by six of the included studies. Their results found that this intervention, in
adolescents, may be effective for weight loss, and also for depression, mood symptoms, and
disordered eating. Though concerns regarding promotion of diet culture in weight loss
interventions have an important role in the discussion on weight management, these
interventions which have been shown to improve general mood and decrease
psychopathology are distinct from restrictive, disordered dieting that may be inaccurately
associated with such therapies (68). This aligns with research in adults as well (69), as a
recent meta-analysis found an overall improvement in mental health outcomes following
weight management interventions (70). However, the longest study to assess this issue was
two years following treatment. Further longer term, well-powered studies are necessary to
examine disordered eating as well as increases in weight, shape, and eating concerns that
may occur during weight loss treatments. There is a particular need for studies that include a
non-intervention follow-up to look at changes in BE/LOC after treatment and support have
ceased, when individuals may be vulnerable to weight regain. Additionally, studies are
necessary to identify subtypes or phenotypes of individuals who may particularly at risk for
developing BE/LOC as a result of weight loss interventions.

Depression and other co-morbid mental illnesses are common in youth with BE/LOC and
further research is needed to examine how this influences BE/LOC and weight loss (71, 72).
One included study found that the presence of at least one psychological disorder showed
negative predictive value for weight loss four months after the start of the program (48).
Additionally, some studies hypothesized that disordered psychological symptoms may
predict risk for BE/LOC behavior, although others postulate that BE/LOC behaviors may
predict these symptoms. One study found that overweight adolescents who report more
symptoms of depression are more at risk of developing LOC in the future (47). Similarly,
pediatric LOC often predicts both worsening disordered eating and disordered mood
symptoms (45). Additionally, the results of one included study found that the decrease noted
in BE can be partly attributed to a decrease in anxiety scores, “since an anxious individual is
more likely to develop binge eating disorders” (50).

This review’s strengths include its systematic research strategy, use of multiple databases,
multiple reviewers assessing study eligibility, and a review structure following PRISMA
guidelines (30). Additionally, two reviewers separately determined that risk of bias in each
study was low on average, and study quality was high. Nevertheless, there are still some
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limitations in the applications of the study results. One significant limitation is a result of the
range of BE/LOC measures used across studies. While this allowed for analysis of both BE
and LOC behaviors, it is important to recognize that these are different concepts, and thus
could benefit from separate analysis. This review, and most of the included studies, did not
assess related eating disorder pathology, such as weight or shape concerns, bulimia nervosa
or other purging behaviors. However, some studies did report this, including Braet et al.
2004 which found that those who reported BE at baseline, when compared to those who did
not, had greater improvement in bulimia, body dissatisfaction, and shape concerns following
treatment. Similarly, Carnier et al. 2008 found that short-term therapy was effective in
significantly reducing the prevalence of both BE and bulimia nervosa symptoms in their
sample, attributing this to the encouragement of normal eating behaviors.

BE/LOC prevalence is high in children and adolescents seeking weight loss interventions.
Weight loss interventions proved successful in achieving weight loss outcomes in these
studies and also resulted in significant declines in BE/LOC. This held true for nearly all
studies regardless of weight loss intervention. While some studies also demonstrated a
significant correlation between decreases in BE/LOC over time and greater weight loss,
further research is warranted. These findings can hopefully guide future treatment for
adolescents seeking weight loss, particularly those struggling with BE/LOC behaviors.
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Study Importance Questions

1. What is already known about this subject? What major reviews have already
been published on this subject?

. Binge eating (BE) is reported by 20-35% of youth seeking weight
loss, and loss of control eating (LOC) is estimated to be prevalent in
31% in youth with overweight.

. BE and LOC typically decrease with weight loss interventions in
adults, but the relationship with BE and LOC in children and
adolescents is unclear.

. A previous systematic review examined eating disorder risk in
children and adolescents who received weight loss treatments of in-
person health education or a diet regimen, but included limited data

on BE/LOC.
2. What are the new findings in your manuscript?
. We identified 29 articles on behavioral therapy, bariatric surgery, and
pharmacotherapy.
. Among children and adolescents, weight loss interventions resulted

in significant declines in BE/LOC.

. There was some evidence that higher baseline BE/LOC may be
associated with less weight loss, and that greater declines in
BE/LOC over time may be associated with improved weight loss.

3. How might your results change the direction of research or the focus of
clinical practice?

. This review demonstrates that weight loss interventions can be
useful both in increasing weight loss and improving BE/LOC in
children and adolescents.

. Further research is needed regarding the associations between both
baseline BE/LOC and change in BE/LOC and weight loss in youth.
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Figure 1.
Flow Diagram for Study Selection.
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Table 1:

Defining Terms Around Binge and Loss of Control Eating

Loss of Control Eating
(LOC)

“Subjective experience of loss of control while eating, irrespective of reported amount of food consumed” (7)

Subjective Binge Episode
(SBE)

“Experience LOC but do not consume an objectively large amount of food” (16)

Binge Eating (BE)

“Subjective experience of loss of control while eating a reportedly objectively large amount of food” (7)

Objective Binge Episode
(OBE)

“Experience LOC and consume an objectively large amount of food” (16)

Objective Overeating
Episode (OOE)

“An unambiguously large amount of food is consumed in the absence of loss of control overeating.” (73)

Subthreshold BED

“Recurrent binge-eating episodes below the threshold of diagnostic criteria” (7)

Binge-Eating Disorder
(BED)

“A: Recurrent episodes of binge eating

B: Binge-eating episodes are associated with three (or more) of five specified features

C: Marked distress regarding binge eating

D: Binge eating occurs at least once a week for 3 months

E: Binge eating is not associated with the regular use of inappropriate compensatory behaviors” and not
exclusively during anorexia nervosa, bulimia nervosa, or avoidant-restrictive food intake disorder. (74)
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