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Abstract

Aims: The objective of this study was to investigate short- (<30 days) and long—term (>2
years) all-cause mortality after bariatric surgery among adult patients with obesity.

Materials and Methods: For short-term mortality, eligible studies were randomized
controlled trials (RCTs) reporting perioperative mortality. For long—term mortality, RCTs
and observational studies comparing mortality between obese patients after bariatric surgery
and non-operated controls were eligible. Random—effects models using a Bayesian or
frequentist approach were used to pool the effect estimates of short- and long—term mortality,
respectively.

Results: The short-term all-cause mortality based on 38 RCTs involving 4,030 patients was
0.18% (95% CI: 0.04%—0.38%) and was higher for open, 0.31% (95% CI: 0.03%-0.97%),
and similar in mixed, 0.17% (95% CI: 0.03%—-0.43%), and restrictive surgeries, 0.17% (95%
CI: 0.03%-0.45%). For long—term mortality, 12 observational studies involving 27,258
operated patients and 97,154 non—operated obese controls were included. Of these, 8 studies
were eligible for the meta—analysis, which showed a reduction of 41% in all-cause mortality
(hazard ratio 0.59, 95% CI: 0.52-0.67, P<0.001); additionally, operated patients were 0.42
(95% CI: 0.25-0.72, P<0.001) and 0.47 (95% CI: 0.36-0.63, P<0.001) times as likely as
non—operated obese controls to die from cardiovascular diseases and cancer, respectively.
Conclusions: Bariatric surgery is associated with low short-term mortality and may be
associated with long—term reductions in all-cause, cardiovascular, and cancer—related

mortality.
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Introduction

Obesity is a rapidly growing worldwide pandemic. In the past 30 years, the prevalence of
overweight and obesity increased from 28.8% to 36.9% in men and from 29.8% to 38.0% in
women.'” In fact, the worldwide prevalence of overweight and obesity is 2.5 times higher
than that of undernourishment (2.1 billion versus 0.842 billion, respectively).” In the United
States, it is estimated that by 2030, the prevalence of obesity will reach 40-50% of the adult
population; this prevalence will have a substantial impact on population morbi—mortality, as
obesity accounted for ~3.4 million deaths, 3.9% of the years of life lost, and 3.8% of the
disability-adjusted life-years worldwide in 2010.*° The average life expectancy of
individuals with obesity is 5-20 years lower than that of the non—obese population,
depending on gender, age, and race.”® In addition, obesity is an important risk factor for
diabetes mellitus and cardiovascular, oncological, and musculoskeletal diseases.”'?

Bariatric surgery (BS) offers the most effective treatment option for obesity, and the number
of weight loss surgeries increased dramatically in the past 15 years.'>'* Since the publication
of the first survey on metabolic/BS by Dr. Scopinaro in 1998, much has changed." In that
study, he reported that ~40,000 BSs were performed per year, but that number is currently
much larger and has been progressively increasing; in 2013, the annual number of BS
procedures performed was reported to be ~470,000.'

Despite the increasing experience with BS, there is still a lack of mortality data from
randomized clinical trials (RCTs) and long—term observational studies. Previous systematic
reviews included RCTs, observational studies, or even case series, and some studies imputed
zero mortality for missing data if it was apparent that no deaths had occurred, assuming that
the authors would have reported casualties if they had occurred.'”" Furthermore, the effects
were often estimated using frequentist statistical approaches, which may be particularly

. . 17-19 :
problematic in the presence of rare events (i.e., zero deaths). In most reviews, long—term
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mortality was evaluated as a secondary objective or in specific contexts (i.e., cardiovascular
disease and mortality), and it was a primary objective in only a few reviews, which included
studies with relatively short follow—up times; no reviews have reported time—to—event data,
which may be valuable."®' Consequently, reviews analysing mortality as a secondary
objective may be affected by selection bias, while reviews that used frequentist approaches
for rare events, imputed zero for missing data, or included studies with a short follow—up may
have produced inaccurate estimates of both short- and long—term mortality.

Therefore, an up—to—date review specifically designed to pool the evidence on short-term
mortality from RCTs whilst considering the rarity of events and to summarize the effect
estimates of long—term mortality (i.e., time—to—event data) from studies with prolonged
follow—up periods is needed. Thus, this systematic review and meta—analysis aimed to
comprehensibly summarize and quantify short- (<30 days) and long—term (=2 years of

follow—up) all-cause mortality among adult patients with obesity undergoing BS.

M ethods

This systematic review was reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta—Analyses (PRISMA) guidelines.”” A detailed version of the

study protocol can be found in Supplementary File 1.

Eligibility Criteria

We screened all published RCTs and observational studies (OBS) reporting mortality data in
adult patients (>18 years) who underwent BS for obesity (body mass index [BMI] >35
kg/mz). Only RCTs were included in the short-term mortality analysis. To analyse long—term
mortality, RCTs and OBS studies were eligible. No comparisons were made when pooling

the effect estimates of short—term or perioperative (<30 days) mortality. However, for long—
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term mortality (>2 years of follow—up), operated patients were compared to obese controls
who underwent non—surgical interventions. Therefore, our outcomes were as follows: (1)
death during the first 30 days after a bariatric procedure and (2) death after BS with a
minimum follow—up of 2 years compared to death after non—surgical interventions.

BS procedures that aimed to promote weight loss and/or metabolic control were considered
the interventions of interest and included (1) restrictive procedures (adjustable and
nonadjustable gastric banding [AGB]/[NAGB], vertical banded gastroplasty [VBG], gastric
plication [GP], and sleeve gastrectomy [SG]) and (2) both restrictive and malabsorptive
techniques (gastric bypass [GB], which included Roux—en—Y gastric bypass [RYGB] and
mini—gastric bypass, biliopancreatic diversion [BPD] with or without duodenal switch, and

biliopancreatic diversion with RYGB).

Information Sources and Search Strategy

Literature search strategies were developed as described in Supplementary File 1 and were
applied in MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials (Wiley
interface), and the National Institutes of Health clinical trials database
(http://clinicaltrials.gov) from their inception until July 4, 2016. To ensure literature
saturation, the reference lists of the included studies, relevant reviews, and authors’ personal
files were screened for further references. Only articles reported in English, French, Spanish,
and Portuguese were eligible. The searches were re—conducted immediately prior to the final

analyses.

Study Selection

Two authors (LC and DR) independently screened the titles and abstracts using the following

exclusion criteria: duplicates, animal studies, publication type (conference abstracts, case
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reports, letters, comments, reviews, or meta—analyses), language other than those previously
specified, not the population of interest (BMI <35 kg/m2 or non—adults [age <18 years]), no
surgical intervention or different surgical intervention, and lack of outcome of interest (lack
of mortality data or unknown timing of death). Only clearly irrelevant citations were
excluded at this stage. Full reports for all titles that were not excluded were obtained and
rescreened again more thoroughly using the same exclusion criteria. Any disagreement

regarding the eligibility of studies was resolved by discussion and consensus.

Data Extraction

Data collection was performed independently by two authors (LC and DR). The data
abstracted included the following: (1) methodology and study characteristics (study design,
country of origin, publication year, study population size, sample size, and follow—up length
[mean =+ standard deviation or median and interquartile range]); (2) demographic information
(including age [mean =+ standard deviation or median and interquartile range], race, gender,
and BMI [mean + standard deviation or median and interquartile range]); (3) intervention
details (types of bariatric procedures and the interventions performed in the control group [for
long—term mortality analysis only]); and (4) all important patient outcomes reported (number
of deaths, adjusted and unadjusted hazard ratios (HRs) with 95% confidence intervals (CIs)
for death, and causes of death were collected when available). Risk of bias was assessed
using the Cochrane Collaboration tool for RCTs and the Newecastle-Ottawa Scale for

observational studies (Supplementary Table 1).*%

Outcome measures

Studies reporting deaths occurring within 30 days of the surgery and studies reporting deaths

with a follow—up >2 years were analysed separately. For short-term mortality, we extracted
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the number of patients who specifically did and did not die in each group. Studies reporting a
timing of death that could not be attributed to the perioperative period (<30 days) were
excluded. The data were further stratified for subgroup analyses based on surgery type (GB,
AGB, SG, and VBG), class (mixed or restrictive) and approach (open or laparoscopy). For
long—term mortality, we calculated unadjusted HRs or extracted unadjusted and adjusted HRs
with 95% CIs. When HR was partially or not reported”®*’ but time—to—event data were
available, we calculated the HR, log(HR), SE log(HR), O-E, and V using the Excel®
spreadsheet developed by Matthew Sydes (Cancer Division) in collaboration with the Meta—
analysis Group of the MRC Clinical Trials Unit, London.*® The crude odds ratio (OR) for the
occurrence of specific causes of death after >2 years of follow—up were also calculated in a

. . . .31
specific analysis of cardiovascular and cancer mortality.

Statistical Analysis

A systematic narrative synthesis of the findings of the included studies was developed.
Heterogeneity was clinically assessed by considering participant factors (e.g., age, gender,
and BMI) and study factors (study design, loss to follow—up, and surgery type). Statistical
heterogeneity was tested using the Q test (significance level: 0.1) and 17 statistic.>* Substantial
heterogeneity was defined as 12 >50% or P<0.1.* We explored the sources of heterogeneity
by study design (prospective versus retrospective), last year of recruitment (before 2005
versus after 2005), extracted estimates (adjusted versus unadjusted estimates), and surgery
type (AGB only versus GB only or versus composite data from various surgical techniques).
We also performed sensitivity analyses using the leave—one—out method (i.e., analysing the
consistency of the results by removing each individual study from the analysis). We used

funnel plots to assess the risk of publication bias. Begg’s and Mazumdar’s correlation and
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Egger’s regression intercept tests were initially considered but were not performed because of
the number of included studies (Supplementary Figure 1).>***

For short—term mortality, a Bayesian random—effects approach was chosen for the meta—
analysis to avoid statistical problems caused by zero or rare events.>>’ We pooled the results
using Winbugs® software 1.4.3 (The BUGS Project, Cambridge, UK). To analyse long—term
mortality, we opted for a frequentist approach (random—effects model) using Comprehensive
Meta—Analysis” software 2.2.064 (Biostat, Englewood, USA).*® Random—effects models
assume that the effect sizes are sampled from a universe of effect sizes and were therefore
more suitable for our sample than fixed—effect models, which assume a fixed population

effect size. The means and 95% confidence/credible intervals associated with the

frequentist/Bayesian estimates are reported in brackets.

Results

Data Retrieval

The flow diagram outlining the systematic review process is provided in Figure 1. The initial
search identified 9,092 studies for screening. Of these, 2,869 were duplicates. After
reviewing whether the titles and abstracts met the exclusion criteria, 5,702 articles were
rejected. Full articles were retrieved for 521 reports, and of these, 460 did not meet the
inclusion criteria.

Our search identified 38 RCTs (48 articles and 75 study arms) eligible for the qualitative and
quantitative synthesis of short—term mortality (Supplementary Table 2). These RCTs
involved a total of 4,030 patients. For long—term mortality, 13 publications, corresponding to
12 studies, were included in the qualitative analysis, but 4 were excluded from the meta—

analysis of all-cause mortality: two>>*’ because they reported incomplete time—to—event data,
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one’® because of potential selection bias, and one™ because its entire sample was integrated
into another study”™® that was also included in the dataset (Supplementary Table 1 and
Supplementary Table 3). For the same reasons, the latter two studies were excluded from the
subgroup analyses. Therefore, 12 studies were included in the qualitative synthesis, and 8

studies were considered in the meta—analysis of long—term mortality (Figure 1).

Study and Patient Characteristics

RCTs reporting on short—term mortality were performed between 1987 and 2013, but most
RCTs (~70%) had been published in the last 10 years (Supplementary Table 2). Most studies
were conducted in Europe (21 out of 38), and the second most common region was America
(10 out of 38). The mean size of each arm and study was 53.7 (minimum—maximum [min—
max]: 20-200) and 106.1 (min—-max: 30-400) patients, respectively. The most frequent
procedure was GB (52.3%), followed by AGB (24.4%), SG (15.2%) and VBG (4.8%). Only
3 RCTs reported mortality of BPD, corresponding to a total of 114 patients (2.8% of sample
size).‘“'45 Only 1 RCT, with a 20—patient arm, reported short—term mortality data for GP.*
Most surgeries (85.0%) performed in RCTs used a laparoscopic approach (Supplementary
Table 2).*"***7% Of the 605 patients whose operations used an open approach, most (68.8%)
underwent GB, followed by VBG (17.2%), and BPD (14.0%). Of the study arms providing
participant information, the mean age was 38.3 years (min—max: 29.2-56.0), the proportion
of women was 77.2% (min—max: 43.3-100), and the average BMI was 46.9 kg/m* (min-max:
38.9-59.7). Most study arms (57.3%) did not report data on preoperative co-morbidities. Of
those that did, the most frequent pre—operative complication was hypertension (37.5%),
followed by arthritis (39.5%), dyslipidemia (32.0%), depression (27.4%), gastro—oesophageal

reflux disease (26.4%), diabetes (21.9%), and obstructive sleep apnea (21.6%).
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The search did not retrieve any RCTs reporting time—to—event data for the long—term
mortality analysis, and most (10 out of 12) observational studies were retrospective in design.
The assessment of the methodological quality of observational studies is provided in detail in
Supplementary Table 1. In the studies conducted by Maciejewski et al. and Arterburn €t al.,
most of the operated patients were men (74%); in another study by Eliasson et al., most
operated patients had diabetes (81%), whereas in a study by Sowemimo €t al., the number of
non—operated obese controls was relatively low when compared to operated obese patients
(112 versus 908, respectively), and there were differences in terms of age and BMI
(Supplementary Table 1 and Supplementary Table 3).2*°***° In addition, two other studies
by Flum et al. and Peeters et al. were not matched in design and could therefore have been a
source of selection bias.™®" Most studies (10 out of 12) reported adjusted

13.26.28.39.90.59-63 Of these, 10 reported adjusted estimates for age, 9 for age and

estimates.
gender, and 5 for age, gender, and BMI (Supplementary Table 3). Furthermore, the study by
Maciejewski et al. reported adjusted estimates for unmatched (e.g., age, gender, body mass
index, race, marital status, and diagnostic cost group) and propensity—matched analyses (e.g.,
year of surgery), and Arterburn et al. reported estimates adjusted by time interval (i.e., <I

2640 Most studies (8 out of 12) did not provide data on

year, 1-5 years, and 5-14 years).
follow-up rates or reported unclear or low rates, and a high risk of attrition was therefore
possible (Supplementary Table 1).26272%3940:59.60.62 The extracted dataset (12 studies) had a
BS:control group ratio of ~1:3 (27,258 and 97,154 participants, respectively). Of the operated
patients, 21,637 underwent GB; 2,804, AGB/NAGB; 1,571, VBG; 381, SG; and 18, BPD
(Supplementary Table 3). One study did not describe the types of BS performed.*” Among
the studies reporting preoperative patient characteristics, the proportion of women was 66.0%

(min—-max: 26.0-83.6) and 64.3% (min—max: 25.7-83.6) and the average age was 44.9 years

(min—max: 38.2-52.0) and 47.5 years (min—max: 39.3-55.2) for the BS and control groups,
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respectively. BMI was 46.3 kg/m” (min-max: 41.4-54.0) and 44.4 kg/m” (min-max: 38.3—
51.0) for the BS and control groups, respectively. The mean follow—up time was similar
between the two groups and was 7.3 years (min—max: 2.5-13.9) and 7.4 years (min—max:
2.6—-13.9) for the BS and control groups, respectively (Supplementary Table 3). The surgical
and control arms had a prevalence of diabetes of 32.8% (min—max: 10.7-81.0) and 37.8%
(min—max: 11.4-90.1) and a prevalence of hypertension of 50.9% (min—max: 23.9-80.5) and
49.1% (min—max: 23.9-80.5), respectively. However, patient characteristics were
underreported, and only 8 of 12 studies reported the prevalence of diabetes, and 5 of 12

provided the prevalence of hypertension.

Short-term mortality

Among the 4,030 operated patients, 11 deaths occurred during the perioperative period (<30
days). These deaths occurred in 9 out of 75 study arms (Supplementary Table 2). There were
3 deaths in 605 patients who underwent open surgery and 8 deaths in 3,425 patients operated
by laparoscopy. Most patients underwent mixed surgical approaches (2,220 patients), with 6
casualties reported, and the remaining 5 deaths occurred in the restrictive surgery arms. Most
deaths occurred in the GB study arms (n=6), followed by the VBG (n=2), SG (n=2), and
AGB groups (n=1) (Supplementary Table 2). No casualties were reported in the BPD or GP
study arms. Anticipating a null mortality in a large proportion of arms, we considered a
Bayesian approach to summarizing the pooled effects to be the most suitable method
(Supplementary File 1). The pooled estimate for perioperative mortality was 0.18% (95% CI:
0.04%—0.38%) (Figure 2). The all-cause mortality rate was higher for open (0.31%, 95% CI:
0.03%—0.97%) than for laparoscopic (0.16%, 95% CI: 0.03%—-0.36%), and similar in mixed
(0.17%, 95% CI: 0.03%—0.43%) and restrictive surgeries (0.17%, 95% CI: 0.03%—0.45%).

The surgical procedure with the highest short—term mortality rate was VBG (0.78%, 95% CI:
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0.03%-3.03%), followed by SG (0.24%, 95% CI: 0.02%-0.80%), GB (0.18%, 95% CI:
0.03%—0.45%), and AGB (0.08%, 95% CI: 0.01%—0.32%). The number of studies and study

arms that contributed to the pooled estimates is detailed in Figure 2.

Long-term Mortality

Eight studies, occurring between 1984 and 2014 and involving 23,647 operated patients and
89,628 non—operated obese controls, were included in the quantitative synthesis. All studies
showed a decrease in long—term mortality of obese patients after BS. The pooled effect
estimate showed a reduction in mortality of 41% (HR 0.59, 95% CI: 0.52-0.67, P<0.001;
12=40.2%, Po=0.110) in mixed research synthesis (Figure 3a). Moreover, the adjusted pooled
estimates (HR 0.57, 95% CI 0.47-0.69) were similar to the unadjusted pooled estimates (HR
0.60, 95% CI: 0.48-0.75) (Figure 3b and Figure 3c, respectively). The HR remained
consistent when any one study was removed from the analysis (HR ranged from 0.56-0.62,
P<0.001).

We found no significant difference (Q=0.453, P=0.501) in mortality reduction when the two
prospective studies were compared to the six retrospective studies, although the HR was 0.65
(95% CI: 0.46-0.92, P=0.015) and 0.57 (95% CI: 0.492-0.66, P<0.001), respectively. Studies
with a final recruitment year before 2005 (3 studies) were similar to those whose last
recruitment year was in 2005 or after (5 studies) (HR 0.61, 95% CI: 0.51-0.74 and HR 0.53,
95% CI: 0.41-0.67, respectively, Q=0.87, P=0.352) (Supplementary Table 3). Subgroup
analyses showed that for the four studies including only GB, the mean effect size (HR) was
0.56 (95% CI: 0.48-0.67, P<0.001); for the two studies including only AGB, the HR was
0.37 (95% CI: 0.21-0.66, P=0.001); and for the two studies including different operative
procedures, the HR was 0.65 (95% CI: 0.54-0.78, P<0.001). However, there was no

statistical evidence that the impact of BS varied by surgical technique, although the number
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of studies was low (Q=3.908, P=0.142). Although one study®' included in the meta—analysis
that assessed only AGB procedures did not report patient characteristics (for the BS or
control groups), another™ showed a lower prevalence of diabetes (16.8% versus median
31.9% [min—max: 10.7-90.1]) and hypertension (26.0% versus median 62.8% [min—max:
35.9-80.5]) than the rates reported in studies using GB or composite data from various
surgical techniques (Supplementary Table 3). When this analysis was extended to the entire
dataset, the results were similar, but the absence of patient characteristics in some studies
limited the interpretation of the data.?%4*¢!

We found a reduction in cardiovascular-related mortality in the BS group compared to non—
operated controls (OR 0.42, 95% CI: 0.25-0.72, P<0.001; 12=76.5%, Po=0.001) (Figure 4a).
Two studies were responsible for most of the heterogeneity observed.'>*’ Patients included in
these studies, which were by Sjostrom et al. and Eliasson et al., were older (48.7 versus 42.7
years) than the patients in the other studies analysed (Supplementary Table 3).'3%°%6%63
Furthermore, the study by Eliasson et al. involved mostly patients with diabetes (81% in the
BS group and 90% in controls). However, when any one study was removed, the effect size
ranged from 0.37 to 0.57 (P<0.05), and therefore the exclusion did not change the tendency
of the summary effect. Cancer data were reported in four studies, and the unadjusted pooled
estimates showed that mortality was also lower in the BS group than in the non—operated
obese control group (OR 0.47, 95% CI: 0.36-0.63, P<0.001; 1°=0%, Po=0.461) (Figure
4b).13’28’62’63 Again, when any one study was removed from the analysis, the OR remained

consistent (OR ranged from 0.40-0.52, P<0.05). Other causes of death reported in the studies

are summarized in Supplementary Table 4.
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Discussion

This systematic review and meta—analysis demonstrated that BS is associated with a low
perioperative mortality rate (0.18%) and a long—term reduction in all-cause mortality of 41%
in patients receiving BS compared to non—operated obese controls.

The two observational studies, i.e., the Bariatric Outcomes Longitudinal Database and the
Longitudinal Assessment of Bariatric Surgery, showed a perioperative mortality risk of 0.1%
and 0.3%, respectively.®*® These findings are supported by those of previous meta—
analyses.”'20 Maggard et al. reported pooled mortality rates that ranged from 0.02% for
AGB, in case series, to 1.0% for RYGB, in controlled trials; however, the inclusion of RCTs,
observational and case studies is a potential source of publication bias."” Furthermore, the
imputation of zero for missing data and the inclusion of deaths described without a clear time

29

point but described as “early” in the original publication may affect the accuracy of the
estimate. Buchwald et al. reported a perioperative mortality rate of 0.28% in 475 treatment
arms involving 84,931 patients using a frequentist approach (i.e., random—effects model), and
the included studies were published between 1990 and 2006 and analysed RCTs,
observational and case—control studies.'® Recently, Chang et al. reported a pooled
perioperative mortality rate of 0.08% using a Bayesian approach based on 1,803 patients and
30 RCT study arms published between 2003 and 2012.%° Our analysis substantially updated
that review, including 38 RCTs and 75 study arms with 4,030 patients, as well as 10 new
RCTs (19 study arms) that were published after the timeframe defined by Chang €t al.. In
concordance with this study, we found a higher short—term mortality rate in the SG arms than
in the GB and AGB arms. The surgical technique with the highest mortality in our review
was VBG (~0.8%), but only four studies, conducted between 1987 and 2002, contributed to

the VBG mortality analysis; additionally, most of the patients were operated on using an open

approach, which contrasts with the much lower use of an open approach (15%) identified in
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the remaining study arms included in our meta—analysis. We summarized all effect estimates
using a Bayesian hierarchical method, which addressed the problem presented by zero—events
and added additional consistency to our findings. Therefore, our results summarized the best
evidence available (i.e., RCTs) and validated the observational findings of low perioperative
mortality after BS.

Several studies have evaluated the long—term mortality rates of patients with obesity after BS.
Data from registries have shown long—term mortality rates after BS ranging from 1.5-6.1%
during a mean follow—up of 8-10.9 years, and one of these studies by Telem et al. reported a
significantly lower mortality in patients receiving BS than in the general population (1.5%
versus 2.1%, respectively).’®® Furthermore, one study summarizing the estimate effects of
140 treatment arms, which involved 19,928 patients from RCTs and observational studies,
reported a total mortality at 30 days to 2 years of 0.35%.'® Other meta—analyses have reported
a global mortality reduction (OR 0.48-0.55) in patients receiving BS compared to non—
operated obese controls.”"**"® However, were not evaluated by any of these studies, and the
wide range (1-14.7 years) of follow—up times of the included studies in those reviews must
be taken in consideration when interpreting the pooled point estimations, as their effect
measure (i.e., odds ratio) does not reflect the time factor. Furthermore, despite time—to—event
data can sometimes be analyzed as dichotomous data (i.e., odds ratio or relative risk), the
most appropriate way of summarizing survival data is to express the intervention effect as a
hazard ratio, and if the total number of events reported for each study is used to calculate an
odds ratio or relative risk, this can encompass combining studies with different follow—up

24,30 s .
" In addition, one review

times, resulting in an estimate that is difficult to interpret.
included a large study that compared BS with obese orthopaedic and gastrointestinal surgical

controls, who were exposed to a different mortality risk than the non—operated obese controls

in the other studies, and this difference may have affected the pooled effect estimate.”!
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Previous reviews have focused on summarizing the effect of BS on cardiovascular and cancer

events but not mortality.”""""

We showed that operated patients were 0.42 and 0.47 times as
likely as non—operated obese controls to die from cardiovascular disease and cancer,
respectively. However, these estimates should be interpreted with caution because
underreporting of causes of death, adjusted estimates and time to cause—specific mortality
was frequent, and the estimate effects were pooled from observational studies, which may
include errors in the classification of the causes of death.

This is the most up—to—date and comprehensive systematic review of the effects of BS for the
treatment of obesity on short- and long—term mortality in adults. Furthermore, to our
knowledge, this is the first meta—analysis evaluating time—to—event data after a pre—specified
minimum follow—up of 2 years, and our estimates were robust across the sensitivity and
subgroup analyses. There is great demand for information on the safety of BS, as suggested
by the recent American Society for Metabolic and Bariatric Surgery position statement on the
long—term survival benefits after metabolic and bariatric surgery, which were issued in
response to inquiries made by patients, physicians, health payers, and others.”” Therefore, in
light of the growing obesity prevalence and the expanding indications for metabolic and BS,
our results provide important additional information to support physician and patient decision
making regarding which treatment for obesity to propose and to choose, respectively, as well
as healthcare payers’ decision to provide access to BS.”

Our study has several limitations that, as for all reviews, originated from the quantity and
quality of the identified studies and limited the strength of our conclusions. There was a high
level of clinical and methodological heterogeneity. The effects of BS may vary according to
patient characteristics (e.g., age, gender, preoperative BMI, and co—morbidities), procedures
(trends in which change over time), and setting (unexperienced centres or surgeons versus

highly specialized centres or surgeons). Therefore, the perioperative conditions in some
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studies may not be applied to others. Furthermore, patient characteristics and specific causes
of death were often incompletely reported, which may have affected the pooled estimations
and limited the subgroup analyses. For the short—term mortality analyses, the number of
patients included in each RCT was generally low. For the long—term mortality studies, the
absence of data from RCTs, the low number of available studies, the underreporting of
subgroup and adjusted estimates, and the different methods of selecting the non—operated
obese controls, which might influence the time—to—event estimations, were the observed
limitations. In addition, the inadequate reporting of follow—up rates in the observational
studies may have resulted in attrition bias, since the pooled estimate could have been
different if there was no data loss or if all studies had evaluated mortality at similar time
points, and this should be addressed in the design of future long—term studies. The protocol of
the review was designed and applied prospectively; however, it was not registered in an

online database for systematic reviews (Supplementary File 1).

Conclusions

Our study suggests that BS is a safe therapeutic option for weight loss. The current body of
evidence from RCTs estimates a short—term all-cause mortality after BS of 0.18% (95% CI:
0.04%—-0.38%). We found a reduction in long—term mortality of 41% (HR 0.59, 95% CI:
0.52-0.67) among patients receiving BS compared to non—operated obese controls. Thus, the
evidence suggests that BS may improve the long—term survival of obese patients and possibly
decrease cardiovascular and cancer—related mortality, but these effect estimates were pooled
from lower quality studies (i.e., observational studies). Therefore, prospective studies are
needed to firmly establish whether benefits on cardiovascular and cancer mortality can be

observed. In addition, future studies should address the predictors of long—term mortality, as
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some patients (e.g., patients with diabetes) appear to benefit more in terms of survival than

others.%
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Captions/ Legends

Figure 1. Flow diagram summarizing the search results. RCTs, randomized controlled

trials; BMI, body mass index.
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Figure 2. Meta—analysis of short—term all-cause mortality after bariatric surgery. The
pooled effect estimates of all-cause mortality were calculated from 38 randomized controlled
trials (RCTs) and 74 study arms (of the initial 75 arms, one gastric bypass study’> reported
the number of events for both arms together, and they were thus analysed as a single arm,
Supplementary Table 2). For the subgroup analyses, the pooled effect estimates were
calculated from 27 RCTs (41 study arms) for gastric bypass, 9 RCTs (13 study arms) for
adjustable gastric banding, 8 RCTs (12 study arms) for sleeve gastrectomy, 4 RCTs (4 study
arms) for vertical banded gastroplasty, 20 RCTs (30 study arms) for restrictive surgeries, 27
RCTs (44 study arms) for mixed surgeries, 35 RCTs (61 study arms) for laparoscopic
surgeries, and 10 RCTs (13 study arms) for open surgeries. The horizontal lines show the
95% credible interval (CI) for each study. The diamond represents the pooled mortality rate

from the Bayesian random—effects model.
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Figure 3. Meta—analysis of long—term mortality of patients after bariatric surgery (BS)

compared to that of non—operated obese controls (CON) pooled from (a) mixed

resear ch synthesisand (b) adjusted and (c) unadjusted estimates. Each square denotes the

hazard ratio (HR) for that study comparison with the horizontal lines showing the 95%

confidence interval (CI). The size of the square is directly proportional to the amount of

information contributed by the study to the random—effects model. The diamond represents

the pooled HR from the random—effects model.
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a) Statistics for each study Hazard ratio and 95% CI

Hazard Lower Upper Z-Value P-Value

ratio limit limit
Flum et al. 2004 0.670 0.530 0.848 -3.333 0.001 ]
Peeters etal. 2007 0.281 0.096 0.825 -2.309 0.021 —
Sjostrom et al. 2007 0.712 0.541 0937 -2.429 0.015 B
Arterburn etal. 2015 0.625 0.556 0.703 -7.833 0.000 -
Eliasson et al. 2015 0.419 0.306 0.573 -5.438 0.000 -
Guidry et al. 2015 0.497 0.316 0.779 -3.043 0.002 -
Davidson etal. 2016  0.600 0.494 0.731 -5.100 0.000 .
Pontiroli et al. 2016 0411 0.215 0.784 -2.697 0.007 +
Random-effects 0.586 0.515 0.665 -8.193 0.000 ‘
0.01 0.1 1 10 100
Heterogeneity: Q = 11.7, df=7, P=0.110, P=40.2%
Favours BS Favours CON
b) Statistics for each study Hazard ratio and 95% CI
Haz_a rd L_ow_er U_pp_er Z-Value P-Value
ratio limit limit
Flum et al. 2004 0.670 0.530 0.848 -3.333 0.001 .
Peeters et al. 2007 0.281 0.096 0.825 -2.309 0.021 +
Sjostrém et al. 2007 0.712 0.541 0.937 -2.429 0.015
Eliasson et al. 2015 0.419 0.306 0.573 -5.438 0.000 .
Davidson etal. 2016  0.600 0.494 0.731 -5.100 0.000 -
Pontiroli et al. 2016~ 0411 0.215 0.784 -2.697 0.007 —-—
Random-effects 0.568 0.467 0.690 -5.684 0.000 ‘
0.01 0.1 1 10 100
Heterogeneity: Q = 10.6, df=5, P=0.061, ’=52.7%
Favours BS Favours CON
c) Statistics for each study Hazard ratio and 95% CI

Hazard Lower Upper

ratio  limit  limit 2 value P-Value

Sjostréom et al. 2007  0.760 0.587 0.984 -2.078 0.038

Arterburn etal. 2015 0.625 0.556 0.703 -7.833 0.000
Guidry et al. 2015 0.480 0.293 0.787 -2.908 0.004

Pontiroli et al. 2016 0.350 0.189 0.647 -3.346 0.001

Random-effects 0.599 0477 0.752 -4.413 0.000

0+*.

Heterogeneity: Q = 6.7, df=3, P=0.061, F=55.2% 0.01 0.1 1 10 100

Favours BS Favours CON
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Figure 4. Meta—analysis of (a) cardiovascular and (b) cancer—related mortality in
patients after bariatric surgery (BS) compared to that of non—operated obese controls
(CON). Each square denotes the unadjusted odds ratio (OR) for that study comparison, with
the horizontal lines showing the 95% confidence interval (CI). The size of the square is
directly proportional to the amount of information contributed by the study to the random-—

effects model. The diamond represents the pooled OR from the random—effects model.

a) Statistics for each study Odds ratio and 95% ClI

Odds Lower Upper

ratio  limit  limit 2 value P-Value

Busetto et al. 2007 0.270 0.075 0.972 -2.004 0.045
Sjostrém et al. 2007 0.806 0.549 1.184 -1.098 0.272
Eliasson et al. 2015 0.192 0.106 0.349 -5.430 0.000
Davidson et al. 2016 0.526 0.379 0.730 -3.841 0.000
Pontiroli et al. 2016 0.394 0.148 1.049 -1.864 0.062

Random-effects 0.420 0.247 0.716 -3.189 0.001
0.01 0.1 1 10 100
Heterogeneity: Q = 17.006, df=4, P=0.002, F=76.5%
Favours BS Favours CON
b) Statistics for each study 0Odds ratio and 95% ClI
Odds  Lower Upper ;.0 p_value
ratio limit limit
Busetto et al. 2007 0.199 0.023 1.707 -1.472 0.141 —
Sjostrom etal. 2007 0.620 0.389 1.989 -2.008 0.045 -.-
Davidson et al. 2016 0.422 0.277 0.644 -4.009 0.000 .
Pontiroli et al. 2016 0.364 0.159 0.830 -2.402 0.016 —m—
Random-effects 0.474 0.355 0.634 -5.046 0.000 ‘
0.01 0.1 1 10 100
Heterogeneity: Q = 2.577, df=3, P=0.461, F=0%
Favours BS Favours CON
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Supplementary Figure 1. Funnel plot for studies included in the meta—analysis of long—term

mortality of patients after bariatric surgery compared to that of non—operated obese controls.
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Supplementary Table 1. Methodological quality assessment of the observational studies

included in the long—term mortality analysis.

Supplementary Table 2. Randomized controlled trials reporting perioperative (< 30 days)

mortality after bariatric surgery.

Supplementary Table 3. Observational studies comparing long—term mortality between

patients after bariatric surgery and non—operated obese controls.

Supplementary Table 4. Causes of death reported in long—term mortality studies.
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