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1 | INTRODUCTION

The most effective treatment for severe obesity (BMI > 40.0 kg/m? or
>35.0 kg/m? with comorbidities) is bariatric surgery.® About 19% of
individuals seeking bariatric surgery have depression,? and depression
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Summary

Aims: Depression after bariatric surgery can lead to suboptimal health outcomes.
However, it is unclear how depressive symptoms evolve over the 24 months after
surgery. We determined the extent depressive symptoms changed up to 24 months
after bariatric surgery and how this was impacted by measurement tool and surgical
procedure.

Methods: We conducted a systematic review and meta-analysis, searching five data-
bases from database inception to June 2021 for studies that prospectively measured
depressive symptoms before and up to 24 months after bariatric surgery. Change
scores were converted to Hedge's g, and analyses were performed using mixed-
effects models. Subgroup analyses examined differences across time of follow-up,
measurement tool, and surgical procedure.

Findings: Forty-six studies met inclusion criteria (32,342 patients). Meta-analysis indi-
cated a postsurgical reduction in depressive symptom scores that were significant
(large effect, g = 0.804; 95% Cl: 0.73-0.88, I?> = 95.7%). Subgroup analyses found
that symptom reductions did not differ between the timing of follow-up periods,
measurement tool, and surgical procedure.

Conclusions: Depressive symptom scores reduced substantially following surgery;
comparable decreases occurred 6 through 24 months after surgery. These findings
can help inform practitioners of the typical evolution of depressive symptoms follow-

ing surgery and where deviations from this may require additional intervention.

KEYWORDS
bariatric surgery, depression, meta-analysis, systematic review

after surgery is associated with suboptimal health outcomes,® includ-
ing postsurgical weight-regain® and revisional surgeries.®
Depression typically improves after surgery.® However, these

7.
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results are not always consisten and it is unclear what the general

magnitude of change might be.2%?"1! Previous reviews included
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FIGURE 1 PRISMA flow diagram of literature search. Reason 1 = reported outcome (missing presurgery and/or postsurgery outcome, invalid

or missing tool); Reason 2 = publication type (abstract only, review, theses, letters to editor); Reason 3 = timing of follow-up (not occurring at
specific, collected in window); Reason 4 = overlapping samples; Reason 5 = language (no English, no French); Reason 6 = no exposure
(no surgery, infrequent procedure type); Reason 7 = study design (case study, cross-sectional, multiple interventions without control arm).

studies that assessed depression at various follow-up intervals (e.g., 1
to 120 months) and used various depression assessment measures
(e.g., clinical interview, screening tools, and medication usage). While
informative for understanding the general prognosis of depression
following surgery, these reviews provide limited utility for healthcare
practitioners to understand the typical change of depressive symp-
toms when captured using validated screening tools and at common
postoperative follow-ups. This poses a challenge for practitioners
when determining whether patients are deviating from the typical

evolution of depression postoperatively. Most prospective studies

capture depressive symptoms at regular intervals of 6, 12, and
24 months, postoperatively.® For this reason, the current investiga-
tion aimed to estimate the magnitude depressive symptom scores
decreased during these routine follow-up assessment periods. Spe-
cifically, we conducted a systematic review to estimate the effect
bariatric surgery has on changes to depressive symptom scores
within the first 24 months following surgery, and to determine
whether these effects differed according to the timing of the post-
operative follow-up, the depressive symptom tool used, and the type

of bariatric procedure.
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2 | METHODS
2.1 | Search strategy and selection criteria

This meta-analysis was conducted according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA)
reporting guidelines'? and was registered with Open Science Frame-
work (OSF; DOI: 10.17605/0SF.I0/AXQE3). RW, PABR (systematic
review specialist), SLB (senior researcher), and university librarians
developed the search strategy (see Data S1). The Embase, Psyclnfo,
PubMed, Scopus, and Web of Science databases were searched from
database inception to June 1, 2021 (see Data S1 for terms). Inclusion
criteria for the meta-analyses required: (1) use of a validated depres-
sive symptom tool; (2) consist of an adult sample (18 years or older);
(3) exposure to bariatric surgery; and (4) observational
(i.e., prospective and longitudinal) studies or the control arm of a
randomized-control intervention (i.e., unintervened group). Entries
were excluded due to: (1) publication type (i.e., abstracts, unpublished
literature, commentary or reviews, and book chapters); (2) not pub-
lished in English or French; (3) study design (cross-sectional and no
RCT control arm that otherwise met inclusion criteria); (4) follow-up
occurred within 30 days of surgery); and (5) depression assessment
method (i.e., clinical interview only, medical chart code, and prescrip-
tion data). The number of studies that were excluded for each of
these reasons is documented in Figure 1. Two reviewers (RW and
AMM) independently screened all title and abstract entries, and full-
text review (k = 89%). Disagreements were resolved through discus-
sion with a third reviewer (SLB). Extracted data included participant
demographics (e.g., age and sex), time of follow-up, depressive symp-
tom tool, surgical procedure, and presurgical and postsurgical depres-
sive symptom summary means (SD). Articles with overlapping samples
were identified and the one with the largest sample size and complete
data was included. Up to three attempts were made to contact
authors if data were missing from articles. Risk of bias was indepen-
dently assessed (RW and AMM, k = 88%) using a modified Joanna
Briggs Institute (JBI) checklist for quasi-experimental studies,*® with a

maximum potential score of 9 points.

2.2 | Data analysis

Meta-analyses were performed when three or more studies provided
available data at follow-up. Because depressive symptom screening
tools often differ in their scale of measurement, mean-change scores
were standardized by subtracting the postsurgical mean from presur-
gical mean and then divided by a pooled standard deviation. This was
expressed as Hedge's g (which accounts for sample size) with 95%
confidence intervals (95% Cls). Subgroup analyses were performed to
examine the impact of follow-up period, symptom tool, and bariatric
surgery type. Mixed-effects models were used given the anticipated
heterogeneity across studies and group comparisons. Small (0.2),
medium (0.5), and large (0.8) effect sizes were defined according to

Cohen.'* Forest plots reflected the magnitude depressive symptoms

decreased from presurgery (independent of the tool used). The stan-
dardized mean difference (Hedge's g) was converted to an unstandar-
dized mean-change score for each depressive symptom screening tool
(Table S2). Heterogeneity was reported as the Q-statistic and the 2
index. Meta-regression analyses were performed using study sample
characteristics and total JBI scores. All tests were two sided, and sta-
tistical significance was set to p = 0.05. All analyses were performed

using Comprehensive Meta-Analysis (CMA) version 3.

3 | RESULTS

Table 1 summarizes the study characteristics. Across the 46 studies
that met inclusion for systematic review and meta-analyses (Figure 1),
the overall sample consisted of 32,342 (range = 7-21,823) individuals
seeking bariatric surgery. This overall sample had a mean age of
42 years old, a mean presurgical BMI of 47 kg/m?, and was comprised
of mostly female patients (78%). Most studies were conducted in the
United States (26.1%), Canada (13.0%), and Australia (8.7%). Most
follow-up visits occurred at 12 months (n = 32), followed by
6 (n = 22) and 24 months (n = 13). Depressive symptoms were mea-
sured most commonly using the Beck Depression Inventory (BDI;
56.5%), followed by the Hospital Anxiety and Depression Scale
(HADS; 30.4%) and Patient Health Questionnaire (PHQ; 13.1%). Most
studies performed gastric bypass surgeries (n = 35), followed by
sleeve gastrectomy (n = 21), gastric band (n = 12), and duodenal
switch (n = 5).

All but one?? of the 46 studies reported improvements to depres-
sive symptom scores following bariatric surgery. Following bariatric
surgery, a large effect was observed regarding changes in depressive
symptom scores (Hedge's g = 0.804; 95% Cl: 0.73-0.88, 12 = 95.7%).
Subgroup analysis (Figure 2) indicated that decreases in depressive
symptom scores following bariatric surgery were comparable across
the follow-ups (Q = 0.002, df = 2, p = 0.999): 6 (g = 0.806; 95% ClI:
0.66-0.96, I>=83.6%), 12 (g3=0.804; 95% Cl: 0.68-0.93,
I?=96.9%), and 24 months (3=0.801; 95% Cl: 0.66-0.94,
> = 89.2%). An effect of this size translates to a symptom score
decrease of 6.3 (BDI range: 0-63), 2.8 (HADS range: 0-21), and 3.5
(PHQ: 0-27). There was a large amount of heterogeneity for the main
effect of depressive symptom score change at each follow-up.

Depressive symptom score changes were not different as a func-
tion of which depressive symptom tool was used at either the 6-
month (Figure S2; Q=141, df=1, p=0.235) or 12-month
(Figure S3; Q = 2.866, df = 2, p = 0.239) follow-ups. However, there
was an effect of symptom tool type at the 24-month follow-up
(Figure S4; Q =9.742, df = 2, p = 0.008). Studies using the BDI
(g = 0.637, 95% Cl: 0.48-0.80, I* = 80.6%) reported smaller changes
in depressive symptom scores when compared with the HADS
(g=0.899, 95% Cl: 0.54-1.26, I* = 81.2%) and the PHQ (g = 0.944,
95% Cl: 0.83-1.06, I* = 50.1%).

There was no effect of bariatric surgery type on changes to
depressive symptoms at neither the 6-month (Figure S5, Q = 1.296,
df =1, p=0.255) nor 12-month (Figure Sé6; Q =4.247, df = 2,
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p = 0.120) follow-up. There were not enough observations per sur-
gery type to perform an analysis for the 24-month follow-up.

Simple meta-regression tests indicated that higher preoperative
depressive symptom scores were associated with greater observed
effect sizes (Q = 10.20, df = 1, p = 0.001). Neither preoperative BMI
(b = 0.288), sex (p = 0.445), nor age (p = 0.108) were associated with

The mean (SD) JBI Scale score was 6.0 (1.2), range = 4-9
(Table S1 and Figure S6). Meta-regression did not find a significant
association between JBI Scale score and changes to depressive symp-
tom scores following bariatric surgery (p = 0.549). Publication bias
was detected following inspection of the funnel plot (Figure S1),
which was confirmed by the Egger's test (B = 3.75, 95% Cl: 2.69-
4.82, p > 0.001). The Trim-and-Fill procedure reduced the main effect
from g = 0.80 (see change scores above) to g = 0.47 (95% Cl: 0.38-
0.55; BDI: 3.5; HADS: 1.5; PHQ: 1.9), with 32 studies estimated as

We found large decreases to depressive symptom scores following
bariatric surgery. Decreases in depressive symptom scores at
24 months postoperatively were comparable with 6 and 12 months
after surgery. The magnitude of these effects were large and trans-
lated to an approximate decrease of 6.3 points for the BDI, 2.8 points
for the HADS, and 3.5 points of the PHQ, all of which are equivalent
to or surpass the minimum clinically important difference (MCID) for
these tools.>? ¢! Previous systematic reviews have examined changes
in depression following surgery,? and whether decreases to depres-
sion differed by timing of follow-up,®’ method of depression
assessment,'© and surgery type.}* However, this is the first review to
provide a quantitative estimate of the general change to depressive
symptom across this postoperative period, as well as how this is
impacted by these methodological considerations.

These values give clearer insight to the expected evolution of
depression after undergoing bariatric surgery by providing change
scores that would be expected across the first 24 months of bariatric
surgery. Depressive symptom scores that do not decrease to this
magnitude could signal the need for further psychological support to
mitigate other suboptimal health outcomes from developing, including

increased suicidality,®> problematic eating behaviors,®®

suboptimal
weight loss,** weight regain,* and the need for revisional surgery.®
None of the included studies formally tested psychological inter-
ventions, and though it is possible that some patients received such
an intervention as part of their care, it is also possible that these
changes in depressive symptoms could be driven by other potential

mechanisms. Psychologically, increased body image®>¢®

and impulse
control®® have been associated with decreased depressive symptom
scores after bariatric surgery. Likewise, improved functional mobility®”
and increased physical activity postoperatively®® also were linked to

decreased depressive symptoms, possibly through greater cardiopul-
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Time 1D Effect Size Std. Error Lower Upper
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FIGURE 2

Forest plot changes to depressive symptoms following surgery at the time of follow-up. Six = 6 months; Twelve = 12 months;

Twenty-Four = 24 months; Cl = confidence interval. Note: Superscripts denote study observations with multiple follow-ups (“a” 6, “b” 12, and
“c” 24 months) included in the meta-analyses and within study observation that separate depressive symptoms scores by procedure type (“w”

band, “x” sleeve, “y” bypass, and “z” switch).

systems that might have an antidepressant effect. Inflammatory
markers (e.g., interleukin 6 [IL-6] and C-reactive protein [CRP]) that
are released systemically due to elevated visceral adipose tissue®’ sig-
nificantly decreases following weight loss and in turn are associated
with decreased depressive symptoms.2””° In recent developments,
bariatric surgery has been shown to also alter the gut microbiota
(increased/decreased bacterial abundance), as well as modulate vari-
ous neuroendocrine and neurotransmission systems that are also

associated with decreased depression.”*

In general, we found that depressive symptom scores did not dif-
fer between the BDI, HADS, and PHQ across the follow-ups. This sug-
gests that using any one of these tools, either clinically or for
research, would be reasonable. There was a small, but statistically sig-
nificant difference in depressive symptom reduction at 24 months
when measured using the BDI compared to the HADS and PHQ. This
difference may be due to the fact that the BDI includes additional
items measuring physical symptoms, which could overlap with

obesity-related symptoms, which might inflate depressive symptom
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scores.”? The BDI does have recognized subscales which could help
differentiate overlapping symptoms between depression and obe-
sity.73 However, none of these were tested in the included studies
and should be explored in future research.

Decreased depressive symptom scores at 6 and 12 months did
not differ by the type of bariatric procedure. This aligns with most
reports of depression outcomes by surgery type.!®217475 Murphy

et al.”®

observed larger decreases to depressive symptom scores ini-
tially if having undergone gastric bypass compared to gastric banding,
but these differences between procedures were negligible 24 months
after surgery. Considering that specific procedures are recommended
according to obesity severity’”” and presences of other
comorbidities,”® these results suggest similar favorable psychological
outcomes irrespective of the type of procedure received.

Higher preoperative depressive symptom scores were associated
with larger decreases to scores postoperatively, which is consistent
with previous meta-analyses examining psychological and pharmaco-

logical interventions®35

and suggests large improvements to the
quality of life among those initially more impaired.2 Despite higher
preoperative depressive symptom scores being associated with larger
reductions, postoperative depression values might continue to be
above questionnaire thresholds that are indicative of clinical depres-
sion.>19:22:35404345 Tharefore, individuals that continue to report ele-
vated depression scores post surgery should be considered for
referral for depression-related treatments.

The substantial reductions in depressive symptoms within the
first 24 months after surgery coincides with the rapid weight loss and
improvements in many other facets of psychosocial functioning that
occur within the 24-month “honeymoon” period.””®° As weight
begins to stabilize 24 months onwards, mental health has been shown
to worsen, including increases in depressive symptoms,® substance
use,®! and binge-eating.” Given that mental health may begin to
worsen following the first 24 months following surgery, it will be
important that future reviews examine the changes in depressive
symptoms seen over longer periods of time.

It was important for the current review to address specific gaps
that remained among other recent systematic reviews that have
examined depression outcomes following bariatric surgery. Notably,
translating the results of the extant literature into results that could
be directly applicable to clinical practice was a key issue. As such, the
current review focused solely on data captured using the most com-
mon screening tools and did not examine the prevalence of depres-
sion diagnoses before and after bariatric surgery, which can only be
administered by trained mental health professionals. Additionally, this
review examined whether these changes varied over the common
postoperative assessment periods, that is, 6, 12, and 24 months after
surgery. Other reviews included follow-up visits that spanned
between 1 and 120 months. Given that depressive symptom scores
can fluctuate postoperatively, the current study showed that this does
not occur within the first 24 month after surgery. These two concep-
tual pieces likely contributed to the limited overlap of included studies
(6% to 36% of the studies in our review were found in the other

reviews).

_Wl LEYJLm

These results are consistent with Fu et al.,?

who performed a
meta-analysis that examined changes to depressive symptoms after
undergoing bariatric surgery. While the authors stratified the analyses
according to the timing of follow-up (i.e., 6-12, 24, 36, 48, and
60 months), bariatric procedure, and screening tool used, no formal
statistical tests in any of the subgroup analysis were reported. Unlike
Fu et al.,** this review found that the extent for which screening tool
scores decreased after surgery was smaller 24 months after surgery
when depressive symptoms were assessed using the BDI compared to
using the HADS or PHQ. The sensitivity analysis that was performed
in this review determined that higher baseline depressive symptoms
scores were associated with larger screening tool change scores after

surgery, whereas Fu et al.?

did not assess this in a sensitivity analysis.
In addition, the Fu et al.!* review concluded, after inspecting the sym-
metry of funnel plots, that there was no publication bias, which con-
trasts with the current study, which found that there was based on
both funnel plot symmetry and Egger's test. Given that only a third of
studies included in this review were also present in Fu et al.,** it is
possible that differences in the databases searched, study inclusion/
exclusion criteria, or the timing of publication contributed to the dif-

fering publication bias conclusions.

4.1 | Individual study and review limitations

A few limitations were evident among the articles included in this
review. There was high heterogeneity across studies, which may
decrease the confidence in the results seen. That said, this might
also suggest that the observed decrease in depressive symptoms is
universal across bariatric settings and among different individuals
undergoing surgery. Another limitation to consider among the
included studies is a selection bias in favor of individuals with less
severe depression. Greater symptom severity during a depressive
episode is among the ineligibility criteria for those seeking bariatric
surgery.”” In addition, those with higher depressive symptom sever-
ity are also less likely to participate in research studies and/or dis-
continue participation in longitudinal studies.®? Therefore, the
results in the current study might not apply universally to all individ-
uals who undergo bariatric surgery. The presence of publication bias
further suggests these findings should be interpreted with some
caution. The observational study design of included articles limits
the ability to make causal inferences about the impact bariatric sur-
gery has on depressive outcomes. Only five studies reported testing
the psychometric properties of the depressive symptom tool in their
sample.”16263135 Without reporting this, it is unclear how reliable
the symptom tools were within the diverse cultural populations.
Also, most studies did not test statistical assumptions or adjust for
covariates in their analyses.

There were a few limitations with this systematic review. First,
we only included studies that measured depression using validated
symptom measures (i.e., BDI, HADS, and PHQ) which alone are not
reliable measures of clinical depression or depressive disorders.

Although appropriate for screening and research purposes, symptom
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measures should be used in conjunction with clinical interviews
when making a formal diagnoses of depressive disorders.®® That
said, patients undergoing bariatric surgery tend to underreport psy-
chiatric symptoms during clinical interviews out of concern of being
ineligible for the surgery.®* Second, we focused on specific follow-
up time periods and did not include studies that reported data at
different follow-up times, for example, 3 or 18 months. This was
done given the lack of observations occurring at these time points
but does limit our capacity to fully explore more fine-grained varia-
tions in effects across the 24-month follow-up period. However, the
consistency in our results across time does mitigate some of this
concern.

Depression accounts for a large proportion of psychiatric comor-
bidities among those seeking surgical interventions for obesity.? Bar-
iatric surgery results in a large magnitude of change that translates to
clinically significant improvements in depressive symptoms, with
higher presurgical distress being associated with greater decreases
post surgery. Future research should consider exploring potential
mechanisms that contribute to decreases in depressive symptoms fol-
lowing bariatric surgery. Identifying these mechanisms could lead to
developing targeted interventions that healthcare providers can offer
if surgery recipients experience smaller decreases to depression
and/or if depressive symptom scores remain above levels that are
indicative of depression. Identifying individuals that continue to live
with depression in the postoperative period allows for early interven-
tion, which could help mitigate increasing risk of suboptimal surgical
outcomes (e.g., problematic eating, weight regain, and surgical revi-
sions) that undermines the quality of life of individuals who received

bariatric surgery.
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