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Abstract

Background Bariatric surgery is endorsed by multiple societies as the most effective treatment for obesity.
Psychosocial functioning has also been noted to improve for most patients after bariatric surgery. However, some
studies have shown an increase in post-operative suicide risk. The aim of this study was to review the published
literature and evaluate the association of bariatric surgery with suicide events and suicide/self-harm attempts in
patients who have undergone weight loss surgery.

Methods MEDLINE and Embase were searched from inception through January 2018 for retrospective or prospective studies
reporting mortality outcomes and self-harm or suicide rates after bariatric procedures. The primary outcome was the pooled event
rate with 95% confidence interval (95% CI) for suicide. Secondary outcomes were suicide/self-harm attempts after bariatric
surgery compared to same population prior to surgery and to matched control subjects, with the respective calculated odds ratios
(OR) and 95% CI.

Results From 227 citations, 32 studies with 148,643 subjects were eligible for inclusion. The patients were predom-
inantly females (76.9%). Roux-en-Y gastric bypass (RYGB) was the most commonly performed procedure (58.9%).
The post-bariatric suicide event rate was 2.7/1000 patients (95% CI 0.0019-0.0038), while the suicide/self-harm
attempt event rate was 17/1000 patients (95% CI 0.01-0.03). The self-harm/suicide attempt risk was higher after
bariatric surgery within the same population with OR of 1.9 (95% CI 1.23-2.95), and compared to matched control
subjects, OR 3.8 (95% CI, 2.19-6.59).

Conclusions Post-bariatric surgery patients had higher self-harm/suicide attempt risk compared to age-, sex-, and BMI-matched
controls. Various pre- and post-surgical psychosocial, pharmacokinetic, physiologic, and medical factors may be involved.
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Introduction

Bariatric surgery is the most effective treatment for obesity in
patients refractory to dietary and lifestyle changes. Many of
the complications associated with long-standing obesity, such
as myocardial infarction, hypertension, stroke [1, 2], dyslipid-
emia [3, 4], diabetes mellitus [3—-5], obstructive sleep apnea
[6], and osteoarthrosis [7], decrease after bariatric surgery.
Additionally, there is a 24% decrease in overall mortality, as
reported by the Swedish Obese Subjects Study [8].

Short- and long-term clinical and psychosocial outcomes
have been studied after bariatric surgery. While many aspects
of psychosocial function improve after bariatric surgery, a
proportion of patients report the return of depressive symp-
toms that have initially improved after surgery or absence of
any psychological benefit [9]. This is a vulnerable population
even prior to surgery. Bariatric surgery candidates have been
found to have a higher proportion of pre-surgical psychiatric
disease and psychotropic medication use compared to the gen-
eral population [10—13], as well as an increased prevalence of
pre-operative mental distress and binge-eating disorder [14,
15]. Between 21 and 61% of weight loss surgery candidates
suffer from a psychiatric disease. Some studies suggest that
individuals who seek weight loss surgery or pharmacotherapy
are more likely to have depression and anxiety than BMI-
matched individuals seeking behavioral interventions [15,
16]. The frequency of depressive symptoms decreases sub-
stantially following gastric bypass surgery but then may wors-
en over the following 24 months [17]. The prevalence of sub-
stance and alcohol abuse is also high, affecting about one third
of candidates [18].

Depressive symptoms may also be exacerbated by the pres-
ence of medical comorbidities and occurrence of post-surgical
complications and persistence/recurrence of comorbidities af-
ter surgery [19]. Depression is associated with many of the
obesity-related comorbidities. It is twice as common in pa-
tients with diabetes and three times as common in chronic
heart disease as in the general population, and is associated
with decreased quality of life and worsening disease severity
[20-22]. Mood disorders are prevalent in patients before any
major surgery, not just bariatric, due to associated pain, mor-
bidity, and decreased well-being [23]. If not addressed, they
may predict increased morbidity and mortality after the oper-
ation. These issues have raised concerns of the potential im-
pact of bariatric surgery on mental health and outcomes in a
population that is considered at risk at baseline.

Psychiatric evaluation before and after bariatric surgery are
recommended by the International Federation for the Surgery
of Obesity (IFSO) [24], the American Society for Metabolic
and Bariatric Surgery (ASMBS) [25], and The Obesity
Society (TOS) [26] to identify patients with high risk of self-
harm or suicide. Current guidelines recommend a face-to-face
interview by a qualified evaluator to determine psychosocial,

developmental, cognitive, personality, lifestyle, motivational,
and social support aspects pre-operatively. Post-operative
follow-up is also recommended to assess the need for
psychotherapy or pharmacological interventions [24-26].
However, adoption of guidelines may vary among bariatric
centers.

For all of the above reasons, bariatric surgery may be asso-
ciated with higher suicide/self-harm rates. The aim of this
study is to assess the rate of suicide/self-harm attempts after
bariatric surgery and mortality from suicide in this patient
population via a systematic review and meta-analysis of the
published literature.

Methods
Search Strategy

A systematic electronic search and data extraction from two
bibliographic databases (MEDLINE and Embase) was per-
formed by two researchers from inception through January
15, 2018 using the Ovid interface. Studies in English with
greater than ten adult participants were included. The terms
used for data search included “suicide,” “mortality,” “self-
harm,” “gastric bypass,” “Roux-en-Y gastric bypass”,
“RYGB,” “sleeve gastrectomy,” “sleeve gastroplasty,”
“LAGB,” “lap band,” “laparoscopic band,” “bariatric
surgery,” and “biliopancreatic diversion” (Suppl. Materials).

Selected articles and abstracts were independently evaluat-
ed by two of the researchers. Disagreements were resolved by
discussion and consensus, with the senior authors (V.P. and
C.T.) serving as the final arbiters if consensus was not
achieved.

Study Selection
Study Design and Population

Studies included in the analysis met the following criteria: [1]
randomized controlled trials (RCTs) or observational studies
(case-control, cross-sectional or cohort studies) published or
presented as original research evaluating the suicide or self-
harm risk in patients following bariatric surgery, [2] provided
sufficient data to calculate odds ratios (OR) and event rates
with 95% confidence intervals (95% CI), [3] reported short-
and long-term outcomes after bariatric procedures, [4] had a
sample size of more than ten patients, [5] included bariatric
procedures currently performed, and [6] reported out-
comes from inpatient admissions for suicide/self-harm
attempts and hospital or insurance records. Studies that
used mailed questionnaires to track data and mortality
cases attributed to accidents or motor-vehicle accidents
were excluded from the analysis.
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Data Extraction

Two investigators utilized a standardized data collection form
to extract the following information: author, year of publica-
tion, country of origin, study design, type of surgery, sample
size, average age, sex distribution, time to follow-up, primary
outcome, inpatient admissions for suicide attempt pre-op/
post-op, self-harm attempt pre-op/post-op, substance use dis-
orders pre-op/post-op, mortality post-op, and body mass index
(BMI) pre-op/post-op.

Intervention/Comparison

The study therapy was defined as any type of bariatric surgery
currently in use: adjustable laparoscopic gastric banding
(LAGB), Roux-en-Y gastric bypass (RYGB), vertical banded
gastroplasty (VBG), and/or sleeve gastrectomy (SG).

The comparison group was defined as the same population
before bariatric procedures if a mirror-image analysis was per-
formed or a relevant control group with similar demographic
characteristics followed for the duration of the research study.

Outcomes

The primary outcome was the suicide mortality rate in
patients who had undergone bariatric surgery. The sec-
ondary outcomes were occurrence of self-harm attempts
after bariatric surgery, suicide mortality rate by person-
years after bariatric surgery, and comparison between
the incidence of suicide and self-harm attempts before
and after bariatric surgery within the same population or
a relevant control cohort. Control groups were consid-
ered appropriate if the cohort was age-, sex-, or BMI-
matched with the study group. Additionally, the suicide
events in studies that reported pre-existent psychiatric
diagnosis were evaluated in a subgroup analysis.

Data Analysis

For all included studies, the pooled event rates for suicide and
self-harm attempt after bariatric surgery were calculated with
95% CI and p values. The calculated pooled suicide rate was
compared to the World Health Organization (WHO) suicide
rates from 2000 to 2015 (worldwide and per country rates). To
control for the different follow-up times, a person-years vari-
able was calculated [27]. Odds ratios for suicide and self-harm
attempt were calculated for the studies including a control
group or data on suicide/self-harm attempts in the same pop-
ulation before and after bariatric surgery.

Risk of bias assessment for randomized controlled trials
was evaluated using the Cochrane Collaboration Risk-of-
Bias Tool [28]. The Newcastle-Ottawa scale [29] was used
to assess the quality of case-control studies. Prospective

@ Springer

case-control studies were considered to have acceptable qual-
ity if the study received six out of eight possible points.

Results were combined using a random-effects analysis
due to the initial assumption of variation among the individual
studies. Heterogeneity among the individual studies was
assessed by Cochrane’s Q test and the 7 [2] statistic.
Heterogeneity was defined as significant if / [2] was greater
than 50%. If significant heterogeneity was detected, a sensi-
tivity analysis was performed for outliers, subgroup analysis
by surgery type, and meta-regression by baseline BMI, time to
follow-up, and procedure type if there were more than nine
studies to be analyzed. A funnel plot was constructed to eval-
uate for publication bias for the main outcomes. The funnel
plot was visually inspected for asymmetry, and Eggers test
was reported for analyses with greater than ten studies. All
analyses were done using Comprehensive Meta-Analysis soft-
ware, version 2.0 (Biostat, Inc. Englewood, NJ, USA) unless
specified otherwise.

Results
Study Characteristics

A total of 227 original studies were identified after the initial
query. Thirty-two studies, with a total of 148,643 subjects, met
the inclusion and exclusion criteria (Fig. 1). There were 14
prospective cohort studies and nine retrospective or cross-
sectional cohort studies. No randomized controlled trials were
available for analysis. A total of nine case-control studies were
included in the analysis. The control groups in these studies
were matched from the general population or from a mirror-
image analysis done in the same population prior to surgery.
The control population in four studies was matched to the
intervention group by weight, BMI, age, and sex; one study
compared the cohort to a non-matched control group of pa-
tients with moderate to severe obesity; one study compared
the cohort to the general population (non-matched).

The studies included in the analysis originated from
Australia [30, 31], Belgium [32, 33], Brazil [34, 35], Canada
[36, 37], Denmark [38, 39], Italy [40, 41], the Netherlands
[42], Sweden [43-47], Switzerland [48, 49], and USA
[50-61]. The main objectives of the studies were to evaluate
post-surgical complications (12 studies), followed by the eval-
uation of post-operative mortality (12 studies). Other studies
evaluated weight loss, mental health outcomes, and hospital-
ization rates. The average follow-up was 3.85 years, with a
range of 0.85-35 years. Age range for the participants was
between 18 and 54.3 years. Sex distribution showed 77.03%
female patients, with a range of 65-90.2% (Table 1).

From the studies included in the analysis, 58.9% evaluated
subjects undergoing RYGB; 27.9% evaluated RYGB, LAGB,
or any restrictive procedure; 5.8% undergoing LAGB; and
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Fig. 1 PRISMA diagram of the
study design
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7.4% other restrictive procedures, including SG and revision
procedures. The proportion of surgeries performed in each of
the studies was the following: 22 included patients with
RYGB, 16 had LAGB, seven had VBG, and six had SG. All
nine case-control studies were of acceptable quality, with at
least six out of eight points on the Newcastle-Ottawa scale
(Suppl. Table 1).

Primary Outcome

Mortality from suicide after bariatric surgery was 2.7 per 1000
patients (event rate 0.0027, 95% CI 0.0019-0.0038). Twenty-
nine studies with a total of 126,608 patients were included
(Fig. 2). Significant heterogeneity was noted (I* =76%,
Tau? =0.53).

Secondary Outcomes

The event rate for inpatient admissions due to self-harm or
attempted suicide was 17 per 1000 patients (event rate
0.017;95% CI 0.010-0.030). A total of 60,862 subjects from
seven studies were included in this analysis (Suppl. Fig. 1).
The self-harm/attempted suicide inpatient admission event
rate by person-years was 3.0 per 1000 person-years of
follow-up (event rate 0.003, 95% CI 0.002—0.0042) (Suppl.
Fig. 2). There was increased risk for self-harm or suicide

A

Records excluded
" (n=192)
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(n=227)
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Full-text articles excluded,

Full-text articles assessed with reasons

for eligibility (n=4)
(n=36) 1 study did not evaluate
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because their population
l was included in Tindle’s
studv®!

Studies included in
qualitative synthesis
(n=32)

Studies included in
quantitative synthesis
(meta-analysis)
(n=32)

attempt after bariatric surgery compared to rates before proce-
dure within the same population (mirror-image analysis), with
an OR 0f 1.9 (95% CI 1.23-2.95) based on three studies with a
sample of 43,406 subjects (Suppl. Fig. 3). Five case-control
studies reported event rates of mortality or self-harm in a com-
parable cohort of non-surgical patients. Bariatric surgery pa-
tients had increased risk of suicide compared to age, gender
and BMI-matched controls, with an OR of 3.8 (95% CI,
2.19-6.59), I =15%, Tau®> =0.02 (Fig. 3).

Mortality from suicide after bariatric surgery by person-
years was 0.25 per 1000 person-years of follow-up (Event rate
0.00025; 95% CI 0.00018-0.00032, I* = 48%, Tau” = 0.0, 27
studies) (Fig. 4). Nine studies reported results from more than
one bariatric surgical procedure without providing separate
mortality data for each procedure. These studies were exclud-
ed from subgroup analysis. Grouping by procedure type could
explain the dispersion of effects, with p = 0.009 for the differ-
ence. The mortality rates from suicide were significantly
higher after RYGB than after LAGB (Table 2).

Pre-existent psychiatric diseases [10—12] and psychotropic
medication [62] use could affect outcomes. However, among
the included studies, few reported or discussed these data.
Two studies assessed pre-operative anti-depressant medica-
tion use in the bariatric and control groups [47, 61]. The cal-
culated OR for psychotropic medication use was higher in the
bariatric group compared to the control [OR 1.07 (95% CI

@ Springer
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Study name Statistics for each study
Event Lower Upper

rate limit limit p-Value
Bruschi Kelles, 20040018  0.0009 0.0037  0.0000
Obeid, 2016 0.0091 0.0030 0.0280 0.0000
Morgan, 2016 0.0004 0.0002 0.0010 0.0000
Lagerros, 2015 0.0008 0.0005 0.0012  0.0000
Busetto, 2014 0.0031 0.0004 0.0220 0.0000
O'Brien PE, 2013 0.0010 0.0001 0.0073  0.0000
Diniz, 2013 0.0081 0.0020 0.0317 0.0000
Tindle, 2010 0.0019 0.0013 0.0026  0.0000
Marsk, 2008 0.0018 0.0012 0.0027 0.0000
Adams, 2007 0.0019 0.0011 0.0031  0.0000
Higa, 2000 0.0010 0.0001 0.0068 0.0000
Waters GS, 1991 0.0191 0.0062 0.0576  0.0000
Busetto L, 2007 0.0012 0.0002 0.0086 0.0000
Cadiere GB, 2011 0.0028 0.0004 0.0193  0.0000
Gribsholt,2016 ~ 0.0010 0.0005 0.0019  0.0000
Capella, 1996 0.0034 0.0011 0.0104 0.0000
Carelli, 2010 0.0003 0.0000 0.0024  0.0000
Christou, 2006  0.0088 0.0022 0.0344 0.0000
Forsell, 1999 0.0032 0.0005 0.0225 0.0000
Himpens, 2011 0.0122 0.0017 0.0815  0.0000
Powers, 1997 0.0076 0.0011 0.0522  0.0000
Smith, 1995 0.0008 0.0003 0.0024 0.0000
Suter, 2006 0.0032 0.0004 0.0220 0.0000
Suter, 2011 0.0079 0.0026 0.0242  0.0000
Svenheden, 1997 0.0105 0.0015 0.0709  0.0000
Weijgert, 1999  0.0150 0.0048 0.0455  0.0000
Lent 2017 0.0021 0.0009 0.0049 0.0000
Adams 2017 0.0120 0.0050 0.0284 0.0000
Neovius_12018 0.0045 0.0023 0.0086  0.0000
Neovius_22018 0.0016 0.0012 0.0023  0.0000
0.0027 0.0019 0.0038 0.0000

Event rate and 95%CI

-0.03 -0.02 0.00 0.02 0.03

Fig. 2 Event rate for completed suicide after bariatric surgery (2.7 per 1000) (12 =76%, Tau? = 0.53, 29 studies, 126,608 patients)

1.02-1.11, p < 0.01)], with higher OR for suicide in the post-
bariatric surgery group [OR 4.15 (95% CI 3.20-5.38, p =
0.02)] (Suppl. Figs. 4 and 5). Of note, one study [39] specif-
ically excluded patients with history of pre-existing psychiat-
ric diagnosis, with higher suicide rate in the post-bariatric
group compared to controls. Another study [45] reported
post-operative outcomes in patients with a diagnosis of de-
pression, with an event rate for self-harm of 7.1 and 1.15/
100 person-years in patients with a prior diagnosis of depres-
sion or on antidepressant medications, respectively, and an

Fig. 3 Mortality from suicide is

Model Study name

event rate of 0.14/100 person-years in patients without a prior
diagnosis of depression.

Evaluation of Heterogeneity

A sensitivity analysis was performed to investigate the sub-
stantial heterogeneity noted for the primary outcome.
Heterogeneity was reduced when event rate per person-years
was used as an outcome, rather than events per person, with
decrease in I from 76 to 48%, thus accounting for the

Statistics for each study Rate ratio and 95% CI

increased in bariatric surgery
patients compared to BMI- and
age-matched controls, OR 3.8

(I = 15%, Tau® =0.02, 5 studies,
33,856 patients)

Adams 2017
Lent 2017

Fixed
Random

Adams 2007

Rate Lower Upper

ratio limit limit p-Value

300 109 825 0.03 ——
Busetto 2007 300 012 7364  0.50 ]
Neovius_12018 3.00 0.81 11.08 0.10 —H—
Neovius 22018 5.16 202 13.22 0.00 W

309 060 1591 0.18 —m—

1042 058 18842 0.1 L ]

38 219 659 0.0 <@

380 219 659  0.00 <@

0.01 0.1 1 10 100
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Study name Statistics for each study
Lower  Upper
Rate limit limit

Bruschi Kelles, 20140.00045 0.00014 0.00076
Morgan, 2016 0.00012 0.00002 0.00023
Lagerros, 2015 0.00038 0.00020 0.00056
Busetto, 2014 0.00025 -0.00024 0.00073
O'Brien PE, 2013  0.00005 -0.00005 0.00016

Diniz, 2013 0.00158 -0.00061 0.00377
Marsk, 2008 0.00016 0.00009 0.00023
Adams, 2007 0.00026 0.00013 0.00040
Higa, 2000 0.00008 -0.00008 0.00024

Waters GS, 1991  0.01143 -0.00150 0.02436
Busetto L, 2007  0.00023 -0.00022 0.00069
Cadiére GB, 2011 0.00073 -0.00070 0.00217

Gribsholt, 2016 0.00024 0.00009 0.00039
Capella, 1996 0.00168 -0.00022 0.00357
Carelli, 2010 0.00017 -0.00016 0.00049
Christou, 2006 0.00105 -0.00040 0.00250
Forsell, 1999 0.00136 -0.00130 0.00401
Himpens, 2011 0.00094 -0.00090 0.00278
Powers, 1997 0.00528 -0.00507 0.01562
Smith, 1995 0.00080 -0.00011 0.00171
Suter, 2006 0.00056 -0.00054 0.00167
Suter, 2011 0.00158 -0.00021 0.00337
Svenheden, 1997 0.00601 -0.00577 0.01778
Weijgert, 1999 0.00151 -0.00020 0.00321
Lent2017 0.00035 0.00004 0.00066
Adams 2017 0.00107 0.00013 0.00202

Neovius_1 2018
Neovius_2 2018

0.00026 0.00009 0.00043
0.00039 0.00026 0.00053
0.00025 0.00018 0.00032
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Rate and 95% CI
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Fig.4 Event rate per 1000 person-years for completed suicide after bariatric surgery (2.5 per 1000) (7 = 39%, Tau” = 0.0, 27 studies, 109,688 patients)

different lengths of follow-up in the studies (Fig. 4). Subgroup
analysis based on the type of surgery (RYGB versus LAGB)
could explain further some of the heterogeneity in mortality
from suicide. By meta-regression, the type of surgery ex-
plained 56% of the variance. Baseline BMI had no significant
effect as a univariate predictor. However, a multivariate re-
gression model with type of surgery and baseline BMI as
predictors was able to explain 95% of the remaining observed
variance (Suppl. Figs. 6 and 7). There was no evidence of
publication bias by Eggers test (Suppl. Fig. 8) for the primary
outcome.

Discussion

The analysis of the primary end point (mortality from suicide)
in this meta-analysis showed higher rates in the post-bariatric
patients compared to BMI- and age-matched controls and
compared to the general population. In 2012, the average sui-
cide rate worldwide reported by the WHO was 0.11 deaths per
1000 population [63], whereas the overall calculated suicide
rate in the analysis was 2.7 deaths per 1000 people. This
would mean an estimated 24-fold increased risk for suicide
after undergoing weight loss surgery in comparison to the

Table 2  Event rates for completed suicide. Analysis performed on the overall population, by surgery type and correction by person-years
Comparison Event rate 95% CI No. of studies (subjects) P Tau? @] P
Mortality from suicide

Summary mean 0.0028 0.0020-0.0039 29 studies (126,608) 77% 0.6 59 < 0.001
Mortality from suicide by person-years

Summary mean 0.00023 0.00012-0.00034 27 studies (109,688) 39% 0.0 34 0.01
Subgroup analysis for mortality from suicide by surgery type in person-years

Lap band 0.00008 —0.00001-0.00018 7 studies 0% 0 0.009

RYGB 0.00031 0.00019-0.00043 12 studies 42% 0 14

Italic means statistically significant
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general population. After correction with person-years calcu-
lation, the event rate remained elevated with 2.5 deaths per
1000 subjects. A previous systematic review by Peterhansel
et al. [64] estimated a lower suicide mortality rate; yet, the
calculated rate was higher in comparison to the general popu-
lation. This analysis included studies looking at types of sur-
gery no longer in use and had a total of 23,885 subjects. Since
then, 15 new studies on the same topic have been published,
bringing the total study population to 148,643 subjects.

The analysis included studies from multiple countries, with
wide variability in reported suicide rates. Per the latest report
from the WHO including 5-year rates since 2000 [65],
Belgium was the country with the highest WHO-reported sui-
cide rate among the diverse populations used in the meta-
analysis. Remarkably, the calculated event rate of this analysis
was 11 times higher than the average suicide rate reported by
Belgium in 15 years (range 0.20-0.23 deaths per 1000 peo-
ple), and eight times higher than the countries with the highest
suicide rate in the world per WHO [65]. The suicide rates
reported by the countries included in the analysis ranged from
5.2 to 20.5 deaths per 1000 people. Even though the
variety of countries included in the analysis could po-
tentially influence the suicide rates and heterogeneity,
the calculated rate was consistently higher than each rate per
country (Suppl. Table 2).

Furthermore, the calculated rate in the present study includ-
ed only confirmed suicide cases, potentially excluding a pro-
portion of “masked suicide events or attempts” from the total
amount of accidental, substance abuse-related or unknown
causes of death, from which an undetermined amount could
be due to suicide. This could potentially be explained by less
strict death certification regulations in specific countries and
year intervals at which corrections to death registration were
implemented, leading to erroneous assessment in suicide rates
due to underreporting or misclassification as accidental deaths
through time [66, 67]. To explore this concept, a subanalysis
on 23 of the included studies listing the causes of death
after bariatric surgery was performed. The pooled mor-
tality from accidents was 0.02% (95% CI, 0.01-0.03),
significantly higher than reported mortality from acci-
dents in the 30—49 years old population. Thus, the real
suicide risk after bariatric surgery may even be higher. As
such, it is not possible to make a precise estimate of the effect
of “masked suicide” on the calculated rate, only an acknowl-
edgement of its contribution.

Several mechanisms may contribute to the increased sui-
cide risk noted in the post-bariatric population, including psy-
chiatric [11, 68, 69], medical, psychosocial causes [70-73],
and physiologic changes [74—77] after bariatric surgery. As
discussed, patients who have undergone bariatric surgery have
significantly higher prevalence of mental health diseases such
as depression and anxiety [69, 78, 79] than the general popu-
lation, both before and after surgery. Some of the studies in

this analysis discussed the presence of pre-existing and post-
procedure mental health disease occurrence, with higher sui-
cide rates in the post-bariatric cohorts, as well as higher pre-
and post-surgical prevalence of psychiatric disease and psy-
chotropic medication use [36, 47, 61]. Furthermore, a sub-
group analysis performed by Neovius et al. [47] including
post-bariatric patients without depression found higher inci-
dence of suicide events compared to controls. Thus, underly-
ing psychiatric diseases may have a major role on suicide
incidence after bariatric surgery, with other contributors such
as undiagnosed mental health issues prior to surgery. An im-
portant factor is the increased prevalence of alcohol and sub-
stance use in this population. In fact, post-operative alcohol
abuse follows similar patterns to suicide events, with in-
creased risk after gastric bypass compared to restrictive
procedures, such as the LAGB [80-82].

There are other psychosocial factors that affect the out-
comes. Studies have shown that candidates undergoing bar-
iatric surgery have higher weight loss expectations than what
is clinically expected. Weight loss and bariatric surgery can
also impact socio-cultural relationships [70], with low
tolerance thresholds for qualifying outcomes as disap-
pointing [71-73]. Consequently, pre-determined unmet
hopes may lead to frustration and have a role in psy-
chiatric stability [51, 83]. Other potential factors that
have been associated with suicide occurrence include
the psychosocial maladaptation/adjustment and persistence
of serious chronic non-psychiatric comorbidities, post-
procedure complications [84], and underdiagnosed pre-
existent psychiatric disease [68].

Possible pathophysiologic mechanisms that may be impli-
cated in worsening psychiatric diseases after surgery include
variation in the absorption of psychotropic medications and
alcohol and alterations in hormone levels. Altered metabolism
of alcohol [69, 80, 85] and other substances has been reported
after bypass procedures due to increased and faster absorption
affecting normal pharmacokinetics, along with concomitant
abuse. Different pharmacodynamics after surgery affect psy-
chotropic medications as well. For example, decreased
escitalopram [86], sertraline [87], and duloxetine [88] maxi-
mal serum levels have been noted after RYGB compared to
pre-procedural levels [89]. Thus, dose adjustments of medica-
tions are likely needed in post-bariatric patients.

Further, subgroup analysis evaluating the suicide rates per
procedure showed a higher event rate when RYGB was per-
formed compared to the population undergoing LAGB by a 3-
fold difference. Some of these differences could be explained
by the anatomical alteration performed in each procedure and
changes in pharmacodynamics of various substances and
medications, as well as gut hormones pathways. Specifically,
chronic stress in rodents and humans can activate ghrelin sig-
naling pathways and administration of exogenous ghrelin can
mitigate symptoms of depression and anxiety in rodents [77,
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90] and reduce blood pressure and blunt cardiovascular re-
sponses during acute psychological stress in humans [91].
Notably, ghrelin levels are inversely related to body weight,
and subjects with obesity have lower ghrelin levels than lean
controls [92]. However, levels of ghrelin are even lower after
RYGB. Markedly lower plasma ghrelin levels and flattened
pre- and post-prandial variations in ghrelin secretion have
been reported in patients who underwent RYGB compared
control with normal BMI and matched controls with obesity
[75]. On the other hand, post-LAGB subjects had no change in
ghrelin levels [76]. Additionally, variation in pharmacokinet-
ics due to changes in absorption of psychiatric medications or
psychotropic substances such as alcohol and recreational
drugs could influence the difference in outcomes between
purely restrictive and malabsorptive procedures. Further com-
parative clinical and experimental research on this topic is
needed to draw definite conclusions.

The secondary end point (self-harm or suicide attempts)
showed a positive correlation in the post-bariatric population,
with almost 2-fold risk of a self-harm attempt compared to the
same population prior to surgery and a 3.8 higher OR for
suicide compared to BMI-, sex-, and age-matched controls.
This is consistent with other studies that have shown a positive
association for self-harm after comparing the post-bariatric
population to controls with obesity [39, 79].

To decrease these risks, a thorough psychiatric evaluation
has been recommended by experts. Application of question-
naires (like the HAM-D, BDI or MADRS) is one of the cor-
nerstones for pre-surgical assessment [12], although superior-
ity comparisons are scarce. Behavioral psychotherapy with
positive motivational reinforcement has been proposed for
pre- and post-surgical treatment of patients presenting with
depression and anxiety [93], which could decrease the risk
for self-harm/suicide and improve post-surgical weight loss.
Although pharmacotherapy is a treatment option for mental
health diseases after surgery, there is uncertainty about its role
in suicide prevention and correct doses of medications. More
studies investigating the role of these assessments and thera-
pies in reducing the burden of psychiatric disease in this vul-
nerable population are needed. Even though, bariatric surgery
is not contraindicated based on psychiatric disease or use of
psychotropic medications, an adequate pre-operative treat-
ment and post-operative follow-up should be provided to in-
dividuals in need of psychiatric support to improve outcomes
and reduce the risk of complications.

Limitations

Most of the data used for analysis of the different outcomes
was extracted from retrospective observational studies or
case-control studies. Hence, there is a need for prospective
studies and randomized controlled trials to decrease possible
confounders and help determine causality. Nevertheless, there
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appears to be an association of suicide events and bariatric
surgery, with greater risk noted after gastric bypass. Also,
the data search did not include psychiatric terms, as the study
aimed to compare the entire post-bariatric population to the
general population and controls, with a minimal amount of the
studies reporting pre-surgical psychiatric diseases.

A weakness of this study is the inability to differentiate
between masked suicide events and accidental deaths;
however, the calculated rate due to accidents was higher
in the post-bariatric patients than the reported rates in
the highest risk age group in the general population.
Hence, a fraction of these deaths could potentially represent
some deaths linked to suicide, initially attributed to accidental
deaths (reviewers 1 and 2).

The studies included in the self-harm/suicide attempt anal-
ysis had diverse comparison groups, which could potentially
explain the variability in outcomes. Most of the control groups
were age-, gender-, and BMI-matched to the intervention
group, but there were only a few studies to include control
groups. More studies including standardized control subjects
with obesity are needed to compare groups by BMI.
Importantly, the majority of the studies did not report pre-
existent psychiatric diagnosis. The high prevalence of psychi-
atric diseases in the bariatric candidates and its possible under-
recognition may be a major factor affecting the outcomes.

Also, two types of studies were used for risk comparison:
mirror-image studies and case-control studies. Mirror-image
studies compare outcomes (in this case self-harm and
attempted suicide) within the same population pre- and post-
intervention. These studies may be more accurate for
the evaluation of risk association but carry an inherent
risk of selection bias. Most of the studies analyzed did
not include information regarding substance or alcohol
abuse before and after surgery, which may be a contrib-
uting factor. Another limitation was the lack of available
data regarding post-surgical BMI, since weight and
neuro-hormonal changes have been suggested as poten-
tial explanations. Thus, further studies accounting for
these variables are needed.

Conclusion

Bariatric surgery patients had higher suicide risk compared to
the general population and to matched controls. The subjects
undergoing bariatric procedures were found to have a 2-fold
increase in risk of attempted suicide/self-harm after sur-
gery. Furthermore, the post-RYGB subjects had a higher
suicide risk than the post-LAGB subjects, an association
that may be related to other medical, psychiatric, and socio-
demographic factors. Evaluation of possible modifiable fac-
tors in bariatric surgery candidates and in the post-bariatric
population needs to be considered in future studies, as well
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as investigating possible mechanistic explanations for differ-
ence in suicide rates by surgery type, such as alterations in
ghrelin levels, pharmacodynamics, and alcohol metabolism.
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