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Abstract

Objective This study examined psychopathology and weight over 4 years following bariatric

surgery in adolescents with obesity, as compared to a nonsurgical group. The role of psychological

dysregulation in relation to psychopathology in the 2–4 year “maintenance phase” following sur-

gery was also examined. Methods Adolescent participants (122 surgical and 70 nonsurgical)

completed height/weight and psychopathology assessments annually for 4 years, with dysregula-

tion assessed at Year 2. Analyses examined the association of “High” and “Low” psychopathology

with weight over time using logistic regression. Mediation analyses in the surgical group examined

indirect effects of dysregulation on percent weight loss through Year 4 psychopathology.

Results There were lower odds of “High” internalizing symptoms in the surgical group versus

the nonsurgical group from baseline (presurgery) to Year 4 (OR ¼ .39; p < .001; 42.3% “High” inter-

nalizing in surgical; 66.7% in nonsurgical) and during the 2–4 year maintenance phase (OR ¼ .35,

p < .05; 35.1% “High” internalizing in surgical; 60.8% in nonsurgical). There was a significant medi-

ation effect in the surgical group: higher dysregulation was associated with greater Year 4 internal-

izing symptoms (b ¼ .41, p < .001) which in turn was associated with less Year 4 percent weight

loss (b ¼ �.27, p < .05). Conclusions While the surgical group was less likely to experience inter-

nalizing symptoms, internalizing psychopathology was related to less percent weight loss in this

group. Internalizing symptoms mediated the relationship between dysregulation and percent

weight loss in the surgical group. Postoperative mental health follow-up is needed for adolescents

into young adulthood.

Key words: adolescent; bariatric surgery; dysregulation; internalizing; psychopathology.

Introduction

Drivers of obesity are multifaceted and reflect interac-
tions of environmental influences, genetic risk, indi-
vidual factors, and systemic inequities (Swinburn

et al., 2011). Certainly, a multitude of factors affect
overweight and obesity in youth from a developmental
systems perspective (e.g., social-contextual factors,
experiences of adversity, and access to resources;
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Bohnert et al., 2020). Severe obesity remains a public
health concern for youth, due to associated medical
and psychological comorbidities and their likely per-
sistence into young adulthood (Armstrong et al.,
2019) without effective intervention. Bariatric surgery
has been established as an effective treatment for
improving weight, overall health, and quality of life in
adolescents with severe obesity (Inge et al., 2017),
with 60% of adolescent patients of Roux-en-Y gastric
bypass maintaining a weight loss of 20% over 5 years,
at minimum (Inge et al., 2017). While this is an overall
net improvement, the variability in sustained weight
loss for the remaining 40% of patients in the study
warrants further investigation. Specifically, there is a
critical need to understand the influence of psycholog-
ical factors on adolescent weight trajectories following
bariatric surgery to inform responsive follow-up care
that sustains benefits.

Prospective longitudinal follow-up of adolescent
psychosocial health following bariatric surgery has
mainly come from two research groups: (a) the
Adolescent Morbid Obesity Study (AMOS) in Sweden,
a national study of Roux-en-Y gastric bypass surgery
(J€arvholm et al., 2020); and (b) an initial small single
site series and subsequent larger multisite series within
the U.S., led by Zeller, Inge, and colleagues. The evi-
dence from these groups thus far indicates that while
postoperative psychopathology trajectories of psycho-
pathology following surgery vary for some (Zeller
et al., 2017), psychopathology tends to persist for a siz-
able subgroup of adolescents. Following surgery,
research shows improvements in anxiety, depression,
and self-concept for adolescents in the short-term (i.e.,
4 months postsurgery; J€arvholm et al., 2012).
Continued improvements in depressive symptoms,
health-related quality of life, anxiety, anger, and dis-
ruptive behavior (J€arvholm et al., 2015) occur within
the first year following surgery, with deceleration
around 6 months (Zeller et al., 2009) and stabilization
(J€arvholm et al., 2016) or “rebound” of symptoms at
Year 2 (Zeller et al., 2011). Approximately, one-third
of adolescents presented with symptomatic psychopa-
thology at 2 years following surgery (Hunsaker et al.,
2018), and findings continue to point to the persistent
nature of psychopathology 5 years following surgery
(J€arvholm et al., 2020). Trajectories of psychopathol-
ogy remain largely understudied in the 2–4 years of
follow-up window, an important period that deter-
mines potential persistent psychopathology symptoms
for adolescents. This fits with the known risk for
emerging psychopathology in the transition from ado-
lescence into young adulthood, as over half of the
adults with a lifetime prevalence of a psychiatric diag-
nosis report onset in adolescence (by age 14) or young
adulthood (by age 24; Kessler et al., 2005). These 2–
4 years may also be when individuals experience weight

recurrence (Inge et al., 2017; Zeller et al., 2011). This is
coupled with persistent psychopathology and related
risk factors that emerge for adolescents 2 years follow-
ing the procedure (Hunsaker et al., 2018). Thus, the 2–
4 years postsurgery appear to be an important
“maintenance phase” that may be a turning point for
both psychopathology and some weight recurrence
(Majid et al., 2022).1 It remains unclear how these
observed trajectories of persistent psychopathology
relate to weight change trajectories following adoles-
cent bariatric surgery, especially after 2 years.
Examination of this time period in a surgical group in
conjunction with a nonsurgical group may elucidate
the specific needs of both groups of adolescents with
severe obesity.

Adolescence is a period of heightened vulnerability
where various factors, such as dysregulation, can pose
an increased risk to developing psychopathology
(McLaughlin et al., 2011). Dysregulation, defined gen-
erally as difficulty regulating or managing processes of
cognition, emotion, and/or behavior, is a key compo-
nent of psychopathology (Beauchaine, 2015;
McLaughlin et al., 2011) and a potential risk factor for
obesity in youth (Javaras et al., 2020). Factors found to
impact postsurgery outcomes in adult patients include
aspects of dysregulation, such as emotion dysregula-
tion, affect intensity, and effortful control (Lavender
et al., 2020). Recent work has conceptualized dysregu-
lation as a dispositional factor (i.e., stable rather than
fluctuating) that can be related to greater challenges in
adherence to postsurgery recommendations and less
optimal long-term postsurgical outcomes in adults
(Lavender et al., 2020). Our previous work showed
that greater dysregulation was related to suicidality 4
years following surgery (Zeller et al., 2020) but it is not
fully understood how dysregulation may impact post-
surgery outcomes. The type of dysregulation (i.e., affec-
tive, cognitive, or behavioral) may also have differential
influences on aspects of psychopathology and eating
behavior (i.e., internalizing vs. externalizing; Gowey
et al., 2016; Lavender et al., 2020; McLaughlin et al.,
2011). As dysregulation and psychopathology are
closely linked and associated with weight-related out-
comes, further investigation of these pathways is
needed to understand these potential risk factors for
adolescents undergoing bariatric surgery.

Present Study
A better understanding of behavioral and dispositional
factors related to persistent presentations of psychopa-
thology and weight gain/recurrence is needed to
inform clinical follow-up to maintain the physical and
psychological well-being for adolescents postbariatric

1 See Majid et al. (2022) regarding existing definitions of weight recur-

rence, their limitations, and current recommendation to use “weight

recurrence” in place of “weight regain.”
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surgery, with particular attention to the 2–4 year
period. Using a prospective observational design, the

aims of the present study were to examine: change or
persistence of psychopathology from presurgery/base-

line through 4 years postsurgery/follow-up (Aim 1),
associations between psychopathology status with

BMI over time (Aim 2), and dysregulation as an indi-
rect predictor of weight loss outcomes via psychopa-

thology in the surgical group (Aim 3). We
hypothesized that the majority of adolescents in both

the surgical and nonsurgical groups would maintain
their psychopathology status over time (i.e., persis-
tently low/high), a small subgroup would experience
changes in psychopathology status (i.e., remitting or
deteriorating), and more participants in the surgical
group would meet criteria for “Low” psychopathol-
ogy status at Year 4 as compared to the nonsurgical

group (Aim 1). We also hypothesized that “High” psy-
chopathology status would be associated with less pri-

mary weight loss and more weight recurrence by Year
2 and Year 4 in the surgical group, and greater weight

gain in the nonsurgical group (Aim 2). Finally, we
hypothesized that higher dysregulation at Year 2

would be predictive of lower percent weight loss in the
surgical group, and this effect would be mediated by

psychopathology (internalizing and externalizing) at
Year 4 (Aim 3).

Methods

Participants and Procedures
Participants in the present study were part of the

TeenView ancillary studies conducted in collaboration
with the Teen Longitudinal Assessment of Bariatric

Surgery consortium (Teen-LABS), a prospective longi-
tudinal study collecting clinical and laboratory data

on adolescents undergoing bariatric surgery at five
sites in the US (Inge et al., 2016). Participants were

invited to participate in a series of ancillary studies
(i.e., the TeenView series) examining psychosocial var-

iables from baseline, and over years of follow-up. The
TeenView studies were designed with a comparator

group of demographically similar adolescents with
severe obesity presenting for nonsurgical behavioral

weight management at the Teen-LABS sites. The surgi-
cal and nonsurgical groups were followed over the

same years (Zeller et al., 2019). All procedures,
recruitment and enrollment strategies, and eligibility

criteria for Teen-LABS and the TeenView studies were
approved by respective institutional review boards

and have been previously described (Hunsaker et al.,
2018; Inge et al., 2016; Zeller et al., 2019, 2020).

Participants provided written consent at each study
phase.

Constructs and Measures
Psychological Dysregulation
The Dysregulation Inventory is a 92-item self-report
measure completed at Year 2 that assesses affective,
behavioral, and cognitive dysregulation, as well as
Total psychological dysregulation (Mezzich et al.,
2001). Example subscale items are: Affective
Dysregulation: “I just cannot calm down faster than
most people”; Behavioral Dysregulation: “I jump into
situations before I think it through”; Cognitive
Dysregulation: “I have trouble changing the way I do
things, even when I am doing them wrong”.
Cronbach’s alpha reflected good internal consistency
reliability: Cognitive (a ¼ .83); Affective (a ¼ .93);
Behavioral (a ¼ .93).

Body Mass Index and Weight Change
Height and weight were obtained at each time point
(Baseline, Years 1, 2, 4) and used to calculate body
mass index (BMI). Year 1 BMI was only used in the
growth curve analyses. For descriptive purposes, per-
cent weight change was calculated as ([weightfollow-
up � weightbaseline]/weightbaseline) � 100, with
weight gain represented as positive values and weight
loss as negative. For Aim 3 analyses with the surgical
sample, percent weight change was recalculated for
ease of interpretation as ([weightbaseline �
weightfollow-up]/weightbaseline) � 100, with higher
values indicating greater weight loss. For the surgical
sample, weights were set to missing for participants
identified as pregnant (n¼2 at Y1, n¼5 at Y2, n¼11
at Y4). Pregnancy data were not available for the non-
surgical sample.

Psychopathology
Psychopathology was measured through the
Achenbach Youth Self-Report and Adult Self-Report
(YSR for �18 years/ASR for �19; Achenbach &
Rescorla, 2001). The Internalizing and Externalizing
broadband scales at baseline, Year 2, and Year 4 were
used in the present study. T-scores on the YSR/ASR
scales can fall in the Normal, Borderline, or Clinical
range with a T-score >60 used as a cutoff indicating
symptomotology in the Borderline clinical range
(Achenbach & Rescorla, 2001; Hunsaker et al., 2018;
J€arvholm et al; 2020). Borderline clinical cutoffs (T-
score>60) were used to create 4 status groupings of
symptom presentation across timepoints (Baseline,
Year 2, and Year 4) and for the maintenance phase
(Year 2 and Year 4). Persistently high psychopathol-
ogy: borderline or clinical range symptoms at baseline
and at either 2 or 4 years; Persistently low psychopa-
thology: normal range symptoms at presurgery/base-
line, 2 and 4 years. Remitting psychopathology:
borderline or clinical range symptoms at presurgery/
baseline, then normal range at 2 and 4 years;

Psychopathology Following Adolescent Bariatric Surgery 481



Deteriorating psychopathology: normal range symp-
toms at presurgery/baseline, then borderline or clinical
range at either 2 or 4 years. From these categories, two
status groupings were defined: (a) Low: Persistently
low and remitting combined; (b) High: Persistently
high and deteriorating combined. For the maintenance
phase, groupings were consistent with the definitions
above applied to the specific timeframe (e.g.,
Persistently high: borderline or clinical range at Year 2
and Year 4).

Demographics
Demographic information was obtained via parent/
self-report at baseline and follow-up: adolescent age/
date of birth, sex assigned at birth, race/ethnicity, and
maternal education.

History of Child Maltreatment
The Child Trauma Questionnaire–Short Form (CTQ)
is a 28-item measure completed only at baseline that
was used to include history of child maltreatment (i.e.,
emotional, physical, sexual abuse, and emotional or
physical neglect) as a covariate in the present study
(Bernstein et al., 2003) as this has been associated
with greater psychosocial burden in adolescents
undergoing bariatric surgery (Zeller et al., 2015). This
measure has good criterion-related validity in adoles-
cence. Higher scores indicate greater severity of
reported child maltreatment, with established score
ranges (Bernstein et al., 2003). For the purposes of this
study, a “0” on this measure indicated no maltreat-
ment scales in the moderate clinical range, and a “1”
indicated at least one maltreatment scale in the moder-
ate clinical range.

Mental Health Treatment
As part of the parent Teen-LABS protocol at Year 4,
the surgical group self-reported use of psychiatric
medication (i.e., antidepressants, mood stabilizers,
and stimulants) dichotomized as 0¼ none or 1¼ any,
use of outpatient mental health treatment and/or psy-
chiatric hospitalization in the previous 12 months.
This information was not collected in the nonsurgical
group.

Data Analysis
Preliminary analyses were run in SPSS and hypothesis
testing was conducted in Mplus. Chi-square and t-tests
were used for attrition analyses. Missing data were
handled via maximum likelihood estimation in Mplus
(Version 7.11). The nesting of participants within the
five sites was controlled for in hypothesized analyses
via specialized variable and analysis commands in
Mplus (i.e., ‘Cluster ¼ site’ and ‘Type ¼ Complex’) to
avoid possible Type-1 errors. Preliminary analyses
compared cohorts (surgical vs. nonsurgical) on

demographic factors. Covariates in analyses for Aims
1, 2, and 3 included sex, race/ethnicity, age, caregiver
education, baseline BMI, and history of child mal-
treatment. Data are made available upon request.

Study aim analyses are described here. Aim 1:
Descriptive statistics were run to determine psychopa-
thology status grouping, in each of the 4 groups, then
dichotomized to “High” (i.e., persistently high or
deteriorating symptoms) and “Low” (i.e., persistently
low or remitting symptoms) for internalizing and
externalizing symptoms. Logistic regressions were run
to test whether group (surgical vs. nonsurgical) was
associated with psychopathology status when control-
ling covariates. Aim 2: Growth curve models were
estimated using structural equation modeling to test
whether change in BMI over time (baseline, Years 1,
2, and 4) varied by psychopathology status, using a
time by group interaction. These analyses were com-
pleted separately for the surgical and nonsurgical
groups and controlled for the specified covariates.
Aim 3: For the surgical group only, mediation analyses
examined the indirect effects of dysregulation (Year 2)
on percent weight change through psychopathology
(internalizing, externalizing at Year 4, run separately).
Similar analyses were not completed with the nonsur-
gical group due to small sample size. To maximize
statistical power, correlations between potential cova-
riates and outcomes were run to determine covariates
to include in mediation models, with sex emerging as
the only significant covariate. In addition, psychopa-
thology (internalizing and externalizing) was included
in these models as a continuous variable.

Results

At baseline, participants (n¼192) were a mean age of
16.6 years old, 79.7% Female, and 60.9% White.
There were no significant differences between the sur-
gical (n¼122) and nonsurgical (n¼ 70) groups across
sex, race/ethnicity, or caregiver education at baseline.
Participants in the surgical group were slightly older
(M age¼16.9) than participants in the nonsurgical
group (M age¼ 16.1). Relative to nonsurgical, the sur-
gical group had a higher baseline BMI (p < .001), but
by Year 4 a lower BMI (p < .001) and a greater per-
cent weight change (i.e., loss; p < .001). As in previous
work, reported rates of child maltreatment history
were significantly higher in the nonsurgical group
(Zeller et al., 2015), and this was included as a covari-
ate in analyses. In the surgical group, 19 participants
who were in the study at Year 2 did not participate at
Year 4: 1 was ineligible (deceased), 4 declined, and 14
were unable to be located. Attrition analyses indicated
that those who participated at Year 2 but not Year 4
did not significantly differ by surgical versus nonsurgi-
cal group, race, age, or baseline BMI. However, those
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who participated at Year 4 were more likely to be
female than male (n¼134 vs. 25; chi-square: v2 ¼
8.65; p < .05) and have higher total psychopathology
T-scores (M¼ 51.6 at Y4 vs. 45.9 at Y2; t¼�2.82; p
< .01). See Table I and Supplementary Table 4 and 5
for descriptive statistics of participant characteristics
and psychopathology status groupings, respectively.

Aim 1 (Psychopathology Status by Surgical/
Nonsurgical Group)
Most participants remained in the same psychopathol-
ogy status grouping across timepoints. Participants in
the surgical group generally had persistently low

psychopathology while those in the nonsurgical group
generally had more deterioration in psychopathology
(Supplementary Table 4). Results of logistic regres-
sions to determine associations of group (surgical vs.
nonsurgical) with psychopathology status (“high” vs.
“low”) indicated that participants in the surgical
group had significantly lower odds of high internaliz-
ing status relative to the nonsurgical group both across
all timepoints (baseline to Year 4; OR ¼ .39; p <
.001; e.g., 42.3% high internalizing for surgical;
66.7% high internalizing for nonsurgical) and during
the 2–4 years of maintenance phase (OR ¼ 0.35, p <
.05; e.g., 35.1% high internalizing for surgical; 60.8%

Table I. Demographic Characteristics of Adolescent Participants

Demographic characteristics Total Surgical Nonsurgical
Mean 6 SD n (%) Mean 6 SD n (%) Mean 6 SD n (%) pa

Baseline n¼ 192 n¼ 122 n¼ 70
Age 16.61 6 1.39 16.91 6 1.33 16.10 6 1.38 <.001
Sex assigned at birth (% female) 153 (79.7%) 97 (79.5%) 56 (80.0%) .96
Race/Ethnicity

White 117 (60.9%) 79 (64.8%) 38 (54.3%) .15
Black 52 (27.1%) 24 (19.7%) 28 (40.0%)
Hispanic 13 (6.8%) 9 (7.4%) 4 (5.7%)
Non-hispanic biracial 10 (5.2%) 10 (8.2%) 0 (0%)

Caregiver education (% < high
school graduation)b

79 (42.2%) 48 (40.0%) 31 (46.3%) .41

Child maltreatment historyc 48 (25.3%) 20 (10.5%) 28 (14.7%) <.001
BMI (presurgery/baseline) 50.06 6 8.01 52.09 6 8.40 46.53 6 5.83 <.001
Surgical procedure

Roux-en-Y gastric bypass — 78 (63.9%) — —
Sleeve gastrectomy — 41 (33.6%) — —
Adjustable gastric band — 3 (2.5%) — —

Year 1 n¼ 171 n¼ 114 n¼ 57
BMI 40.04 6 9.29 36.08 6 7.89 47.89 6 6.46 <.001
% change in weight — �30.91 6 8.54 4.86 6 9.60 <.001

Year 2 n¼ 192 n¼ 122 n¼ 70
BMId 40.75 6 10.52 36.27 6 8.71 48.84 6 8.53 <.001
Psychiatric medication 46 (24.5%) 24 (12.8%) 22 (11.7%) .09
% change in weighte — �30.01 6 11.36 7.35 6 10.70 <.001

Year 4 n¼ 159 n¼ 103 n¼ 56
Age 20.96 6 1.39 21.17 6 1.36 20.52 6 1.39 .01
BMIf 42.02 6 11.49 39.04 6 10.66 48.05 6 10.83 <.001
% change in weightg — �24.12 6 15.78 6.08 6 17.40 <.001
Psychiatric medicationh — 21 (21.4%) — —
Psychiatric hospitalizationh — 3 (3.1%) — —
Outpatient mental healthh — 18 (18.4%) — —
In school or workingi 128 (78.0%) 88 (53.7%) 40 (24.4%) .24
Living with parent(s) or other
relativesj

117 (71.3%) 76 (46.3%) 41 (25.0%) .52

Note. BMI ¼ body mass index.
ap-values are based on two-tailed independent t-tests when examining mean values and on Chi-square tests when examining percentages. p-

value for Race/Ethnicity based on examination of White versus other race/ethnicity groupings, due to sample size in respective groups.
bMissing for n¼2 surgical and n¼3 nonsurgical.
cChild maltreatment based on report on Child Trauma Questionnaire-Short Form completed at baseline; frequencies and percents indicate

at least one maltreatment scale in the moderate clinical range.
dMissing for n¼10 surgical and n¼8 nonsurgical; n¼5 self-report nonsurgical.
e((weight24-months � weightpresurgery/baseline)/weightpresurgery/baseline)*100; Missing for n¼6 surgical and n¼8 nonsurgical.
fMissing for n¼4 nonsurgical and n¼11 surgical; n¼52 self-report nonsurgical, n¼5 self-report surgical.
g((weight48-months � weightpresurgery/baseline)/weightpresurgery/baseline)*100; Missing for n¼4 nonsurgical.
hMissing for n¼6 surgical.
iMissing for n¼1 nonsurgical.
jMissing for n¼ 3 surgical and n¼1 nonsurgical.
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high internalizing for nonsurgical). There were no sig-
nificant associations between group with externalizing
status, either across all timepoints or in the 2–4 year
maintenance phase (Table II).

Aim 2 (Changes in BMI over Time by
Psychopathology Status)
Growth curve models were used to test for changes in
BMI over time (baseline, Years 1, 2, and 4) by psycho-
pathology status for the surgical and nonsurgical
groups separately (Figure 1). For the surgical group,

the slope of BMI over time was quadratic, with all
results for the status by time interaction for slope non-
significant, indicating that change in BMI did not dif-
fer between high versus low psychopathology status
(internalizing and externalizing). Moreover, intercepts
did not differ significantly by psychopathology status,
indicating that surgical participants of high- and low-
status groups had similar BMI at baseline. For the
nonsurgical group, no quadratic effects were found so
models were rerun testing for linear effects which
were also nonsignificant. For internalizing and exter-

Table II. Associations of Surgical Group (Surgical vs. Nonsurgical) With Psychopathology Status

Surgical (%) Nonsurgical (%) OR 95% CI OR B p

Baseline to Year 4
High internalizing 42.3 66.7 0.39 0.24–0.66 20.92 <.001
High externalizing 25.8 43.1 0.68 0.26–1.79 20.38 0.44

Year 2 to Year 4 maintenance phase
High internalizing 35.1 60.8 0.35 0.19–0.64 21.07 .001
High Externalizing 19.6 35.3 0.64 0.30–1.37 20.44 0.25

Note. OR ¼ odds ratio. CI ¼ confidence interval. Results of logistic regression analyses reflect likelihood of surgical group experiencing

high psychopathology symptoms, as compared to nonsurgical group. Logistic regressions controlled for sex, race/ethnicity, age, caregiver edu-
cation, baseline BMI, and history of child maltreatment.
Bolded values indicate significant associations.

Figure 1. Slopes of BMI for surgical and nonsurgical groups from Baseline to Year 4. Regression equations for surgical
group: Internalizing (low): Y¼3.95x2�22.33x þ 57.78; Internalizing (high): Y¼ 3.83x2 � 21.02x þ 55.05; Externalizing (low):
Y¼3.99x2—22.36x þ 58.88; Externalizing (high): Y¼3.88x2 �22.05x þ 56.08. Regression equations for nonsurgical group:
Internalizing (low): Y ¼ �.27x þ 43.05; Internalizing (high): Y ¼ 1.79X þ 46.01; Externalizing (low): Y ¼ �.12x þ 44.07;
Externalizing (high): Y ¼ 1.53x þ 45.84.
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nalizing psychopathology, status by time interactions
for BMI slope and status differences for intercepts
were nonsignificant, indicating that BMI did not differ
by high versus low internalizing or externalizing
status.

Aim 3 (Direct and Indirect Effects of Dysregulation
on Percent Weight Loss)
Results of mediation models for the surgical group are
presented in Table III and Supplementary Figure 2.
There was a significant direct effect of dysregulation
at Year 2 on internalizing symptoms at Year 4 (b ¼
.41, p < .001), a significant direct effect of internaliz-
ing symptoms at Year 4 on percent weight loss at Year
4 (b ¼ �.27, p < .05), and a total significant indirect
effect of dysregulation on percent weight loss though
internalizing psychopathology (b ¼ �.11, p < .05).
Internalizing symptoms attenuated the association of
dysregulation and percent weight loss by 85%.
Models examining externalizing symptoms as a medi-
ator included a significant direct effect of dysregula-
tion at Year 2 on externalizing symptoms at Year 4 (b
¼ .51, p < .001), but no significant associations with
percent weight loss or a significant indirect effect.

Discussion

The purpose of this study was to understand trajecto-
ries of psychopathology and weight change following
bariatric surgery for adolescents, with specific atten-
tion to the role of dysregulation during the 2–4 years
postsurgery period. Overall, results indicate that per-
sistent internalizing psychopathology appears to play
an important role in the 4 years following surgery for
this age group. While the focus is on the surgical
group, the inclusion of a nonsurgical group provides a
unique view of longitudinal trajectories of adolescents
with obesity who have undergone bariatric surgery
compared with those who have not had bariatric
surgery.

Extending our work at Year 2 (Hunsaker et al.,
2018), the majority of adolescents in both groups
maintained their psychopathology status (e.g., High
vs. Low) over time, when followed longer.
Adolescents in the surgical group were less likely to
experience deteriorating psychopathology across all
timepoints (0–4 years) and during the maintenance
phase (2–4 years), as compared to those in the nonsur-
gical group. Moreover, internalizing psychopathology
specifically was more persistent in the nonsurgical
group as compared to the surgical group, both in the
maintenance phase and across all timepoints. In other
words, participants in the surgical group were signifi-
cantly more likely to meet the criteria for “low” psy-
chopathology at Year 4 as compared to the
nonsurgical group. These findings fit with the existing
evidence that psychopathology tends to persist for
youth with overweight and obesity (Xie et al., 2013)
as well as those who have undergone bariatric surgery
(Hunsaker et al., 2018). Even after some initial
improvements in internalizing symptoms within the
year following surgery, the current findings further
support the majority of evidence suggesting symptoms
tend to increase again at longer-term follow-up (e.g.,
2 years and on; Herget et al., 2014; J€arvholm et al.,
2016). It is possible that improvements in weight-
related and health-related quality of life attributable
to bariatric surgery improved some internalizing
symptoms in the surgical group, yet these symptoms
continue to emerge as persistent in the nonsurgical
group who likely did not observe similar improve-
ments in quality of life (Trooboff et al., 2019). These
findings may also point to the persistent nature of
internalizing symptoms generally, regardless of
weight-related factors.

For the surgical group, change in BMI (across all
timepoints and in the 2–4 years of maintenance
period) was unrelated to psychopathology status;
therefore the second hypothesis was not supported. It
is possible that the expected associations of higher

Table III. Mediation Analyses Testing the Indirect Effects of Dysregulation (Year 2) on Percent Weight Loss Through
Psychopathology (Internalizing and Externalizing) at Year 4 for Adolescents who Underwent Bariatric Surgery

b (standardized)
Indirect effect
(B, 95% CI)Mediational models a b c R2

Dysregulation/percent weight
loss through internalizing

.405*** �.265* .129 �.047* (�.484 to .153) .164**

Dysregulation/percent weight
loss through externalizing

.507*** �.132 .090 �.030 (�.083 to .114) .257*

Note. Mediation models controlled for sex. Models demonstrated acceptable model fit (SRMR: .021–.053) Internalizing, Externalizing, and
Total Psychopathology symptoms were measured continuously at Year 4. Dysregulation measured at Year 2. Pathways: a ¼ (dysregulation!
psychopathology); b ¼ (psychopathology! percent weight loss); c ¼ (dysregulation! percent weight loss).

*p < .05.
**p < .01.

***p < .001.
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psychopathology symptoms with less weight loss and
more weight gain in the 2–4 year maintenance phase
was not observed due to the strong and expected effect
of bariatric surgery on trends in BMI. This suggests
that any effects of psychopathology in the surgical
group were not enough to influence weight trajectories
on a group level. Moreover, a trend of accelerated
weight loss in the first year, continued decelerated
weight loss in the second year, and some weight recur-
rence in the second year and on, can overall be
expected regardless of psychopathology (Zeller et al.,
2017). In contrast, though nonsignificant, participants
with “High” total psychopathology symptoms in the
nonsurgical group experienced more weight gain over
time than those with “Low” total psychopathology
symptoms. These findings fit with the current litera-
ture linking psychopathology with obesity and
increased weight trajectories in youth (Bohnert et al.,
2020). Moreover, this may especially be expected if
individuals had low engagement with both behavorial
weight management and mental health resources, or
experienced eating-related psychopathology, such as
loss of control eating (Decker et al., 2022; Hunsaker
et al., 2018). Still, it is important to acknowledge that
psychopathology may play a minimal role in weight
trajectories overall for some adolescents.

As expected, psychological dysregulation at Year 2
and psychopathology were closely related. For the sur-
gical group only, dysregulation on its own was not sig-
nificantly related to percent weight loss; rather,
internalizing psychopathology was a sole significant
mediator that carried the effect of dysregulation at
Year 2 on percent weight loss. Internalizing psychopa-
thology attenuated the relationship between dysregu-
lation and percent weight loss by 85%. Results
support the conceptualization of psychological dysre-
gulation as a more stable, dispositional factor that can
influence both psychopathology and weight-related
outcomes (Lavender et al., 2020). In other words, dys-
regulation on its own can be considered less predictive
of BMI change. Rather, dysregulation may be a
“personality factor” of interest that can influence per-
sistent psychopathology, which may have more robust
effects on weight trajectories following bariatric sur-
gery in adolescents. Future work should focus on
more specific application of dysregulation measure-
ment and treatment in the context of obesity
treatment.

Study Strengths and Limitations
The use of a nonsurgical comparison group is a
strength of this study, allowing comparisons of longi-
tudinal trajectories of adolescents who have under-
gone bariatric surgery with those with severe obesity
who did not undergo bariatric surgery. The study is
limited by sample size, which placed restrictions on

some analyses, including the ability to detect differen-
ces in the surgical versus nonsurgical groups in the
relationships of interest. The lack of diversity in the
sample is an important limitation to this study as well
as the existing literature in adolescent bariatric sur-
gery. The sample is predominantly White and female,
which limits generalizability to other demographics
that continue to be underserved in obesity treatment
and reflects the disparities in adolescent bariatric sur-
gery (Bouchard et al., 2022). For example, Lopez et al.
(2017), provide an excellent model for studying bari-
atric surgery outcomes in more diverse patient popula-
tions, continuing to find that Black and Hispanic/
Latinx adolescents undergo bariatric surgery at lower
rates as compared to White adolescents due to race/
ethnicity-based disparities. This study also found that
adolescent males had higher BMI and rates of obstruc-
tive sleep apnea and dyslipidemia preoperatively, but
surgery outcomes did not differ for male versus female
adolescents (Lopez et al., 2017). Overall, there are still
a range of individual factors that affect weight trajec-
tories even while controlling for all relevant covari-
ates. Past literature also suggests that dysregulation
may manifest differently in adolescents as compared
to young adults (Gowey et al., 2016), which was not
explored in the present study. Additionally, reported
use of psychiatric medications at Year 4 was limited to
the surgical group only; therefore we could not control
for this as a covariate throughout the analyses. We did
not have information on rates of diagnosed mental
health conditions in this study, and future studies
should include a clinical interview to determine diag-
noses. The present study also used the broadband
scales of Internalizing and Externalizing psychopa-
thology as a first step to examine the trajectories of
interest. Future work should look at more specific sub-
scales (e.g., anxiety and depression) to better under-
stand the relationships between psychopathology
symptom presentation and weight trajectories.

Clinical Implications
Findings from our research team (Hunsaker et al.,
2018, Zeller et al., 2017) and the AMOS study
(J€arvholm et al., 2015) were the first to provide evi-
dence that mental health symptomology may not
improve on its own after adolescent bariatric surgery.
Continued research indicates that along with benefits
for weight-related health and quality of life, bariatric
surgery may introduce psychological challenges for
adolescents. Particularly, persistent internalizing psy-
chopathology and risk for suicidality should be
assessed long-term postoperatively beyond the 2–
4 year maintenance phase (Zeller et al., 2020). Indeed,
there is a tendency for psychopathology symptoms to
improve following surgery, yet deteriorate again as
postoperative years progress, confirming the need for
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long-term access to mental health services for adoles-
cents transitioning to young adulthood. It may be

impactful for future work to examine whether surgery
is a particularly beneficial option for adolescents and

young adults with both severe obesity and internaliz-
ing symptoms, as well as provide adolescents the serv-

ices to sustain these improvements. Adolescents with
severe obesity who did not undergo surgery may be at

risk for psychopathology and additional work should
focus on meeting the needs of this group through

screening and access to mental health services. It is
apparent that adolescents vary in trajectories of psy-

chopathology and need for mental health services, and
simultaneously, resources for long-term mental health

follow-up remain limited. More universal implementa-
tion of a psychopathology screening and triage process
during medical follow-up appointments for adolescent

bariatric surgery may be needed. Moreover, there is a
need to focus psychological assessment, treatment,

and referral efforts especially to support needs of
youth from diverse backgrounds presenting in the con-

text of weight management.
It is also important to acknowledge that psychopa-

thology was elevated in both the surgical and nonsur-

gical groups, and points to the need for screening,
preventive efforts, and treatment access for all youth

with obesity. The important role of a pediatric psy-
chologist in bariatric surgery evaluation and consulta-
tion is detailed by Burton et al. (2020), who also

acknowledge the need for services to expand to addi-
tionally focus on intervention for psychopathology in

the context of adolescent bariatric surgery. Though
implications are focused on adolescent bariatric sur-

gery, findings from the present study may inform both
continued research questions and clinical priorities for

adolescents with severe obesity who have and have
not undergone bariatric surgery as they transition into

young adulthood.
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