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Abstract

Introduction: While depression generally improves after bariatric surgery, less is known
regarding heterogeneity in long-term symptom change. Given that depressive symptoms have been
associated with weight change following bariatric surgery, identifying and characterizing
subgroups with more severe depressive symptoms may have prognostic utility for understanding
post-surgical weight loss. This study sought to characterize patterns of change in depressive
symptoms and evaluate associations with weight loss in the seven years following bariatric
surgery.

Methods: Participants were 2,308 patients who underwent bariatric surgery as part of the
Longitudinal Assessment of Bariatric Surgery-2 (LABS-2) study. Depressive symptoms (measured
by the Beck Depression Inventory) and weight were assessed annually following surgery.

Results: A group-based trajectory model identified six subgroups that evidenced distinct patterns
of change in depressive symptoms, with the majority (87.0%) exhibiting stable low to average
levels. Generalized linear mixed models indicated trajectory groups differed in percent total
weight loss (% TWL), with trajectories characterized by initial decreases in depressive symptoms
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over the first two years (5.2% of participants) experiencing the highest %TWL (20.7% vs. 14.9—-
18.4% in the other trajectories at 7 years).

Conclusions: Findings demonstrate meaningful heterogeneity in the pattern of changes in
depressive symptoms after surgery. While most patients experience relatively low stable levels of
depressive symptoms, those who have initial symptom improvement demonstrate the greatest
magnitude of weight loss. Further research is necessary to explore the directionality of this
association and the time-varying mechanisms by which depression and weight may mutually
influence each other.
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Introduction

Although bariatric surgery is an efficacious intervention for severe obesity, relationships
between psychological factors and long-term surgery outcomes are not completely
understood. Existing evidence indicates that depression is the most common psychiatric
illness among those who undergo bariatric surgery (i.e., current prevalence of 19%), and that
levels of depression are higher among bariatric surgery candidates compared to the general
population.(1) However, the nature of long term post-surgical changes in depressive
symptoms, and the extent to which such changes may be associated with weight loss,
remains unclear.

With respect to postsurgical outcomes, most studies have found improvement in depressive
symptomatology.(1) A three-year follow-up of patients in the Longitudinal Assessment of
Bariatric Surgery-2 (LABS-2) study found that depressive symptoms significantly decreased
in the year following surgery.(2) However, levels increased between the one- and three-year
follow-up, albeit remaining below pre-surgical levels, which suggests that the trajectory of
depression symptom change may become increasingly heterogeneous over time.(2)

Similarly, weight outcomes after bariatric surgery evidence significant variability.(3) While
psychological symptoms, including depression, have been shown to be related to
preoperative obesity severity (4), a 2016 review of five studies found that preoperative
depression did not emerge as a consistent predictor of post-surgical weight outcomes (1). In
four studies, preoperative depression was not significantly related to weight outcomes six
months to two years following surgery, though one study found patients with preoperative
depression or anxiety had less weight loss at four years.(5)

Despite more inconsistent findings from studies examining preoperative levels of depression
as predictors of weight loss, other studies have shown levels of depression following surgery
may correspond with weight loss. One study found that depression levels at six months post-
surgery was predictive of concurrent weight loss as well as weight loss at the 12-month (but
not 24-month) follow-up.(6) Within the LABS-2 study, improvement in depressive
symptoms was related to weight change three years later (2). Among a smaller sample of
patients in the LABS-3 cohort, there was also a trend for the presence of postoperative, but
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not preoperative, mood disorders to be associated with greater weight regain over the seven
years after surgery.(7)

In sum, depression is a salient issue among bariatric surgery patients, and while there
appears to be short-term improvement in depressive symptoms following surgery, symptoms
may re-emerge by two years after surgery, which is also the time when patients tend to
experience weight regain.(8) Although extant evidence suggests heterogeneity in the long-
term course of depressive symptoms and weight loss, there remains a dearth of studies
examining the extent to which changes in post-surgical depressive symptoms are related to
long-term weight loss and other relevant demographic and clinical characteristics.
Characterizing subgroups with less improvement in depressive symptoms may have
prognostic utility for understanding post-surgical weight loss, and potentially identify key
periods for intervention.

Therefore, the present study aimed to characterize patterns of changes in depressive
symptoms during the seven years following surgery, thereby providing a longer-term follow-
up to the previously published data (2), and to examine the extent to which different
trajectories of depressive symptoms are related to weight loss and demographic and clinical
characteristics (i.e., age, gender, surgery type, depression treatment). Based on previous
findings, it was expected that depression trajectories characterized by higher stable or
increasing depressive symptoms would be related to less weight loss over time.

Methods

Participants

Participants were 2,308 adults (78.7% female; M,ge=45.5+11.4 years) who underwent
Roux-en-Y gastric bypass (RYGB) or laparoscopic adjustable gastric banding (LAGB) in the
LABS-2 study at 10 hospitals throughout the United States (2006—-2009). Participants who
underwent more than one bariatric surgery during follow-up were excluded, leaving 77=1,769
RYGB and 7=539 LAGB. Data collection procedures and seven-year weight outcomes have
been published previously (3). Following surgery participants returned for a 6-month and
then annual follow-ups with the exception of year 6, which only involved a brief assessment
done by telephone or mail. Informed consent was obtained from all participants.

Measures

Depressive symptoms.—Depressive symptoms over the past week were assessed using
the Beck Depression Inventory-1 (BDI; (9), which was administered prior to surgery (year
0), 6 months, and years 1, 2, 3, 4, 5, and 7. Given that weight loss in this population can be
rapid and was likely to be intentional, no points were assigned to the BDI item, “I have lost
more than 5 pounds.” The following ranges were used to interpret the BDI total score: 0-9,
10-18, 19-29 and 30-60, reflecting no/minimal, mild, moderate and severe depression
symptomatology, respectively.(7)

Treatment for Depression.—At each visit, participants reported hospital admissions
and/or counseling for depression within the past 12 months and if they were currently taking
antidepressant medication.! Treatments for depression was operationalized as the total
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number of endorsements of hospitalizations for depression, counseling for depression, and
antidepressant use over the seven years.

Statistical Analyses—Descriptive statistics characterized depressive symptoms in the
sample; t-tests examined changes in BDI total scores between pre-surgery and the seven-
year follow-up, as well as changes in the proportion of participants exhibiting minimal
symptoms. To explore the degree of attrition and related factors, the compliance rate for
each participant was also calculated as the number of completed assessments out of the total
possible assessments. Participant age at enrollment, presurgical BDI and BMI, race, gender,
and surgery type were then explored as predictors of compliance using a generalized linear
model (specifying a gamma distribution).

A group-based trajectory model was used to identify subgroups of participants whose
depressive symptoms (BDI total z-score) followed a similar pattern of change. The BDI total
z-score was calculated as (x-p)/a, where X is the raw score, [ is the population mean, and o
is the population standard deviation. The model was estimated using maximum likelihood
procedures with PROC TRAJ for SAS 9.4.(10) The optimal number of groups was selected
based on the Bayesian information criterion (BIC) and Akaike information criterion (AIC).
Group membership was determined using the posterior predicted probabilities for each
individual being a member of each of the trajectories, and assignment was based on the
largest posterior membership probability. Model fit was evaluated based on the
recommended average posterior probability of assignment for each group (=.70).(11)

Differences between groups were first examined with respect to percent total weight loss
(%TWL). %TWL was calculated as 100*([weight at seven-year follow-up]-[pre-surgery
weight])/pre-surgery weight, such that more negative values indicate greater %TWL. To
examine differences between trajectories in % TWL at each assessment, a linear mixed
model was conducted that included trajectory group as independent variables. Covariates
were also included, which were based on those found to be related to percent weight loss in
recent studies of the LABS-2 cohort: race, age, pre-surgery diabetes status and pre-surgery
self-reported acceptable percent weight loss, status of self-weighing at least weekly, cutting
out between meal snacking, loss of control eating and binge eating disorder.(12-14)

Additional generalized linear models examined the degree to which trajectory groups
differed in age and total endorsements of each type of depression treatment using Wald chi-
square (XZ) test, whereas Pearson’s XZ tests examined differences in surgical procedure and
gender by trajectory group. Negative binomial distributions were used to account for skewed
distributions of depression treatment variables. Effects were followed up with pairwise
comparisons using Fisher’s least significance difference.

Descriptive information is shown in Table 1. Age at consent and participant gender were
significantly associated with compliance (age: X2=58.87, p<.001; gender: X2=4.56, p=.003),

IThe self-report measure of antidepressant medication used in the present study differs from that used by Mitchell and colleagues

(2015).
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such that older individuals and individuals who identified as female compared to male had
higher compliance. Other variables (i.e., race, presurgical BDI and BMI, surgery type) were
not significantly associated with compliance (ps>.05). Compared to pre-surgical BDI total
scores, there were significant decreases in scores by year 7 (£12.34, [1007], p<.001). The
proportion of the sample categorized as having minimal depressive symptoms at year 7
(74.8%) relative to more severe categories was significantly higher at year 7 compared to
pre-surgery (58.0%), (43)=9.47, p<.001).

The group-based trajectory model identified six trajectories of depressive symptoms based
on the AIC and BIC (Figure 1; see Table 2 with fit indices). Group 1 (“gradual increasing”:
5.2% of participants) were within 1 SD of the sample mean prior to surgery but showed
gradual increases to >2 SDs above the sample mean by year 5, followed by gradual declines.
The majority of participants exhibited a “low stable” (Group 2: 65.2% of participants) or
“average stable” (Group 3: 21.8% of participants) trajectory of depressive symptoms, with
BDI scores remaining within 1 SD below or above the sample mean over the seven years,
respectively. The next trajectory (Group 4: 2.4% of participants) showed a “decreasing
increasing” pattern of symptom severity, which started over 1.5 SD above the sample mean,
decreased during the first two years to within 1 SD of the sample mean, then increased
steadily through year 7 to >3 SD above the sample mean. The final 2 groups showed parallel
trajectories that differed in severity: Groups 5 (“high gradual decreasing”: 3.9% of
participants) and 6 (“highest gradual decreasing”: 1.6% of participants) were characterized
by initial elevations in symptoms (i.e., >1.5 SD above sample mean) over the first two years,
followed by gradual declines until year 5, and subsequent stabilization.

BDI trajectory groups did not differ in surgical procedure (X2[5]:5.32, p=.378) or age
(XZ[S]:4.74, p=.449), but significant gender differences were observed (X2[5] =19.58,
p=.002). As shown in Table 3, Group 1 (“gradual increasing™) was associated with a higher
proportion of women (93.4%) relative to the other trajectory groups, in which the proportion
of women ranged from 72.7-83.7%.

Generalized linear models indicated effects of BDI trajectory group for the number of
follow-up assessments with endorsement of antidepressant medication use (Wald Xz
[5]=155.58, p<.001), hospitalizations for depression (Wald XZ [5]=191.12, p<.001), and
reports of counseling for depression (Wald XZ [5]=427.06, p<.001). The number of follow-
up assessments with endorsements of each type of treatment across BDI trajectories are
displayed in Table 3. Group 2 (“low stable”) had significantly fewer endorsements of
antidepressant medication use, hospitalizations for depression, and counseling for depression
compared to all other groups (ps<.05). Group 3 (“average stable”) had significantly fewer
hospitalizations compared to all other groups except Group 2 (ps<.05) and significantly
fewer reports of counseling compared to Groups 1 (“gradual increasing™), 5 (“high gradual
decreasing”), and 6 (“highest gradual decreasing”) (ps<.05).

Results of mixed model analysis examining the association between BDI trajectory group
and % TWL indicated a main effect of trajectory group (F[5, 9735])=5.50, p<.001), after
adjusting for effects of covariates (i.e., race, age, pre-surgery diabetes status, status of self-
weighing at least weekly, cutting out between meal snacking, loss of control eating and
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binge eating disorder).2 The total estimated %TWL over time in each trajectory group and
pairwise comparisons are shown in Table 3, with estimated %TWL by year 7 depicted in
Figure 1. With respect to 7 year %TWL, Group 6 (“highest gradual decreasing”) and Group
4 (“decreasing increasing”) had the greatest %TWL (18.4% and 20.7%, respectively).
Pairwise comparisons of %TWL at year 7 indicated Group 4 had more %TWL compared to
Groups 1 (“gradual increasing”: 14.9%), 2 (“low stable”: 16.4%), 3 (“average stable”:
15.9%), and 5 (“high gradual decreasing”: 15.3%), and Group 6 also evidenced greater
%TWL than Groups 1 and 5, and Group 2 showed greater % TWL than Group 1. Group 6
(“highest gradual decreasing”) was not significantly different from other groups in %TWL.

Discussion

This study investigated heterogeneity in trajectories of depressive symptoms following
bariatric surgery across seven years of follow-up, as well as the degree to which different
trajectories of depressive symptoms were associated with weight loss and demographic and
clinical characteristics. There was a significant decrease in the severity of depressive
symptoms over the seven years, with a greater proportion of individuals (74.8%) evidencing
minimal symptoms at year 7 compared to the proportion experiencing minimal symptoms
prior to surgery (58%). Six depression symptom trajectories were identified, with 87% of the
sample having low-to-average stable levels of depressive symptoms across the seven years
(i.e., Groups 2 and 3). This suggests that for the majority of bariatric surgery patients, there
is little variability in overall depression symptom levels. However, the remaining participants
followed four distinct trajectories of symptom change across the follow-up.

Three groups showed either initial (Group 4) or delayed (Groups 5-6) declines in symptoms,
which may reflect surgery-related increases in quality of life and body satisfaction.(15)
However, 5.6% reported gradual increases in depressive symptoms (Group 1), and 2.4%
(Group 4) showed a rebound in symptoms following initial declines. This underscores the
need for continued monitoring of psychological symptoms well beyond the first
postoperative year.

Heterogeneity in depressive symptoms was also related to weight loss. Trajectories
characterized by initial decreases in depressive symptoms (Group 4) or initial very high
symptoms that later decreased (Group 6) were associated with the greatest weight loss, with
Group 4 showing more weight loss compared to all other groups except for Group 6.
Reductions in depressive symptoms may enhance factors related to early behavior change
and weight maintenance, such as self-efficacy and adaptive coping.(16) Consequently, such
individuals may be better equipped to adhere to post-surgical lifestyle recommendations.
This pattern of results for Group 4 is also consistent with the literature on rapid response
indicating early symptom improvements during treatment for depression predict better long-
term outcomes (17). The current results extend such findings, in that rapid improvement in
depressive symptoms could be related to long-term weight loss in bariatric surgery patients.

2Fixed effects of covariates were as follows: race: A5)=1.11, p=.353, age: A1)=47.60, p<.001, pre-surgery diabetes status:
H2)=16.43, p<.001, status of self-weighing at least weekly: A1)=152.97, p<.001, cutting out between meal snacking: A3)=628.40,
p<.001, loss of control eating: A3)=10.48, p<.001, and binge eating disorder: A1)=81.27, p<.001.
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The first postoperative year may be a key intervention point for those with higher initial
levels.

It was somewhat unexpected that those who initially decreased in depressive symptoms but
later reported steady increases (Group 4) had more weight loss despite worsening depressive
symptoms. It could be that this rebound in depressive symptoms in conjunction with greater
weight loss reflected the development of concerns related to body image and disordered
eating behaviors, given the association between eating disorder symptoms and depression.
(18) In addition, loss of appetite may be a salient manifestation of depression in this group,
which could contribute to weight loss.

There were also differences in demographic and clinical characteristics across trajectories.
The finding that Group 1 (“gradual increasing”) included a higher proportion of women is
consistent with research indicating higher rates of depression in women, especially women
with obesity.(19, 20) It is not surprising that those with low stable levels of depressive
symptoms (Group 2) reported less treatment for depression compared to other groups,
followed by those with average stable symptoms (Group 3). Given that over one-fourth of
participants were on antidepressant medication throughout follow-up, this may in part
account for the low symptom levels. Further, the use of antidepressant medication could
possibly be an indicator that a substantial portion of patients are being appropriately targeted
for treatment. Additional research is warranted to better understand the type, timing, and
intensity of treatments that most effectively target depressive symptoms remaining groups
characterized by more variable patterns of depressive symptoms.

It is important to note limitations of the study. Participants were recruited from centers with
research-oriented bariatric surgery programs, which may reduce the generalizability. A
multi-method approach would be useful to elucidate bio-behavioral mechanisms underlying
a range of depressive symptoms (e.g., anhedonia, suicidal thoughts, appetite), as well as
more frequent assessments.(21) In addition, due to the timing of study recruitment, this
study did not include patients who underwent sleeve gastrectomy. Participants who
underwent multiple bariatric surgeries were also excluded, and thus there may be risk of bias
in the present results given that these patients may have a more severe clinical profile and
present with greater depressive symptoms.

These results demonstrate meaningful heterogeneity in depressive symptoms following
bariatric surgery that is linked to weight outcomes. Such findings highlight the need for
continued assessment of psychological functioning after initial weight loss and emphasize
the importance of early reductions in depressive symptoms as possible prognostic markers of
weight outcome. Further research is necessary to examine potential bi-directional
mechanistic pathways by which depression and weight loss may influence each other, which
span behavioral, neurocognitive, physiological, and social domains.(22) For instance, the
improvements in body image and quality of life that have been shown to follow surgery may
facilitate reductions in depressive symptoms.(15) Examining such questions may inform the
development of more targeted prevention and intervention efforts in the years following
bariatric surgery.
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Trajectories of Depressive Symptoms
Group 4: 20.7 %TWL
Group 6: 18.4 %TWL
Group 1: 14.9 %TWL
Group 5: 15.3 %TWL

Group 3: 15.9 %TWL

Group 2: 16.4 %TWL

Years since surgery

Group 1 (gradual increasing: 5.2%) ~  ====- Group 2 (low stable: 65.2%)
--------- Group 3 (average stable: 21.8%) Group 4 (decreasing increasing: 2.4%)
—— — Group 5 (high gradual decreasing: 3.9%) =— = Group 6 (highest gradual decreasing: 1.6%)
Figure 1.

Six identified trajectories of depressive symptoms (Beck Depression Inventory [BDI] z-
scores) following Roux-en-Y gastric bypass (RYGB) or laparoscopic adjustable gastric
banding (LAGB) surgery. Group percentages reflect percent of total sample. % TWL reflects
percent total weight loss from pre-surgery to year 7.
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