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Abstract

Purpose Compared to medical treatment, bariatric surgery reduces long-term mortality in persons with obesity. Some studies
indicate that the effect only applies to patients above median age of cohorts, not to younger patients. Our objective was to assess
the role of age in the reduction of mortality (global mortality and mortality for specific causes) through bariatric surgery.
Materials and Methods Data sources: PubMed, Cochrane Library, MEDLINE, and Embase. Study selection: studies reporting
mortality in relation to median age of patients. Data extraction and synthesis: pooled random effects of estimates of the risk of
mortality in participants undergoing surgery compared with controls, as function of median age.

Results Mortality was lower in patients undergoing surgery than in controls (OR =0.29, 95% CI1 0.17-0.49). Below median age,
the difference between surgery patients and controls was nonsignificant (OR = 0.78, 95% CI 0.57-1.06). Above median age, the
difference was significant (OR =0.23, 95% CI 0.12-0.44). In a subset of 5 studies, deaths due to various causes were less, and
external causes-related deaths were more frequent in surgery than in controls. Below median age, deaths due to CVD were less
frequent in surgery than in controls. Above median age, total deaths and deaths due to various causes (cardiovascular, diabetes,
cancer, and other causes) were less in surgery than in controls. Publication bias was absent.

Conclusion Compared with controls, bariatric surgery reduces long-term global mortality only above median age, not below
median age. Also mortality due to specific causes is mainly reduced in persons above median age.

Keywords Obesity - Bariatric surgery - Laparoscopic gastric banding - Gastric bypass - Biliopancreatic diversion - Biliointestinal
bypass - Mortality - Cardiovascular disease - Cancer - Causes of death - Meta-analysis - Median age

Introduction

Persons with obesity have a longer life expectancy undergoing
bariatric surgery (BS) than receiving medical treatment of
obesity. This applies to both diabetic and nondiabetic persons
and has been shown in several papers [1-8], analyzed in two
meta-analyses [9, 10], and confirmed later [11-20], with one
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noticeable exception [16]. Also, BS improves quality of life in
morbid obesity [21], is associated with lower development of
medical complications of obesity, with reduced frequency of
comorbidities, reduced necessity of several kinds of drugs,
improved cardiovascular (CV) risk profile [22-28], and is
cost-effective in the management of obesity [29, 30]. Studies
have been performed through restrictive or mixed techniques
[gastric banding (LAGB), vertical banded gastroplasty
(VGB), Roux-en-Y gastric bypass (RYGB), sleeve gastrecto-
my (LSG)] and through malabsorptive surgery [biliointestinal
bypass (BIBP) and biliopancreatic diversion (BPD)].

Age is probably important for BS under several aspects, but
has not been fully explored so far. BS is commonly performed
in severely obese middle-aged patients, with a median age of
39 years (16—64 years) [21]; data on BS have been published
in obese adolescents, with positive results, so that it has been
proposed that “bariatric surgery in severely obese adolescents
should be considered standard of care” [31], but figures on
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numbers of interventions performed in the USA are overall
small [32].

A few studies indicate that the preventive effect of BS on
mortality is significant for patients above median age of co-
horts (i.e., aged > 42 or > 43 or > 44 years in different cohorts),
but not for younger patients: this has been shown for LAGB,
RYGB, BPD, and BIBP [5, 11, 12, 15]; in the Swedish
Obesity Study (SOS), subjects aged < 37 years were excluded
a priori [4]. Given the epidemics of obesity and the increasing
number of BS interventions, these data are probably of great
importance, but have not been formally analyzed. The basic
question is if BS should be performed as soon as possible to
prevent obesity-related morbidity and mortality or if should be
performed later in the life age of patients, when health condi-
tions have deteriorated. The aim of this study is to analyze
systemically the effect of age on the preventive effect of BS
against mortality, be it global mortality and mortality due to
specific causes.

Material and Methods
Strategy

Eligible controlled clinical studies (CCS) were those compar-
ing bariatric surgery versus no-surgery in persons with morbid
obesity, irrespective of publication status or language.
Measures of treatment efficacy were as follows: (1) global
mortality, (2) cardiovascular (CV) cause-related mortality,
(3) cancer-related mortality, (4) diabetes-related mortality,
(5) mortality due to external causes (i.e., accidents, suicide,
poisoning, complications of surgery), and (6) other causes-
related mortality (i.e., mortality not due to the above causes,
be it infection, gastroenterological or respiratory diseases,
etc.).

Retrieval of CCSs was based on the PubMed, Cochrane
Library, MEDLINE, and Embase (until October 2019) using
the terms obesity, bariatric surgery, mortality, long-term mor-
tality, survival, age, young, old, elderly, efficacy, complica-
tions, mortality, gastric bypass, gastric banding,
biliopancreatic diversion, biliointestinal bypass, sleeve gas-
trectomy, and associations of two or more of the above terms
and limiting the search to controlled clinical human studies. A
manual search was also performed using the reference lists
from articles, reviews, editorials, and the proceedings of inter-
national congresses. When the results of a single study were
reported in more than 1 publication, only the most recent and
complete data were included in the meta-analysis; an excep-
tion was applied to papers [11 and 18], with the same data-
base, but with median observation periods of 13 and of
17 years, respectively; to keep variance of observation periods
at a minimum, the former study was considered for the meta-
analyses, and simulations were performed in which the latter
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study was considered. Decisions on which trials to include
were taken unblindly by the three authors; the SOS study [4]
was not considered since subjects aged <37 years were ex-
cluded. Disagreements were resolved by discussion.

Figure 1 reports the flowchart of clinical studies included in
the systematic review and meta-analysis: non-relevant papers
were excluded first, together with reviews and meta-analyses;
studies without measures of dispersion of data were excluded
at a second step, as well as studies without comparisons be-
tween surgery and control patients. Twenty-two papers
reporting comparisons between surgery and standard medical
treatment on long-term (i.e., greater than 1 year follow-up)
mortality were identified as of possible interest. Then, as only
five papers reported differences in mortality between young
and aged patients [5, 11, 12, 15, 17, 18], an invitation was sent
to a total of twenty-two authors requesting to provide data
about outcomes (number and cause of death) divided accord-
ing to median age of their cohorts. As a result, nine papers, all
published as full reports, could be meta-analyzed with refer-
ence to item 1 (number of deaths) and five with reference to
item 2 (causes of death) (Tables 1 and 2). The Appendix
(Supplemental Table 1) indicates papers considered of interest
for which details were requested to authors and the answers
received. Data concerning deaths were derived as such from
all studies. Appropriate methodology according to the pre-
ferred reporting items for systematic reviews and meta-
analyses (PRISMA) statement [33] was adhered to. The
methodologic quality of the trials was assessed by criteria
previously validated [34] (Appendix, Supplemental Table 2).
Each quality component was rated for bias as high risk, un-
clear, or low risk. Data concerning trials, patient characteris-
tics, and treatment outcome (Table 1) were abstracted by the
three authors, and discrepancies were resolved by discussion.

Statistical Analysis

Treatment outcomes were expressed as odds ratios (ORs) with
95% confidence intervals (Cls) and pooled into an overall OR
using a random effects model according to DerSimonian and
Laird [35]. The /, index for heterogeneity was calculated for
each assessed outcome, and potential sources of heterogeneity
were discussed where appropriate. A p < 0.05 was considered
indicative of statistically significant heterogeneity.

To explore the potential effect of several patients or trial
characteristics on the pooled estimates, a meta-regression
analysis was performed for all outcomes showing a statistical-
ly significant heterogeneity. The dependent variable was the
observed mortality rate from each study for the outcome of
interest. The role of each covariate in heterogeneity was
expressed by Wald test estimated by the meta-regression.
The following covariates were included in the meta-
regression analysis, including covariates previously shown
to be associated with survival in patients, age, sex proportion,
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Fig. 1 Flowchart of clinical
studies included in the systematic
review and meta-analysis: non-
relevant papers were excluded

first, together with reviews and N =747

Papers dealing with age,
and/or mortality, and/or
bariatric surgery

meta-analyses; studies without
measures of dispersion of data
were excluded at a third step, as
well as studies without

Comparisons of complication, of techniques,
other effects, with no referenceto mortality;
editorials, reviews, letters

comparisons between surgery and
control patients

N =105

Papers dealing with long-term
mortality and age and/or
bariatric surgery

Comparisons between younger and
older patients, with no comparison

N =22

Papers comparing long-term
mortality in bariatric surgery
and in control patients

between surgery and controls

age

Invitation to authors to provide
data on mortality according to

N=9

N=5

Meta-Analysis of global mortality

Meta-analysis of causes of mortality

presence of diabetes, presence of CV diseases (CVD), BMI of
each study (weighted medians of surgery and control partici-
pants), year of starting of study (as a proxy for technical im-
provement with time), number of patients enrolled, kind of
controls (clinics vs community patients), duration of follow-
up, and efficacy of treatment (vs controls) in each study.

Sensitivity Analyses

The first sensitivity analysis assessed the role of age itself on
global mortality and on different causes of mortality in BS and
in control patients considered separately. The second sensitiv-
ity analysis assessed results with different surgical techniques.
In a further analysis, we evaluated the existence of a potential
publication bias, defined as the tendency of authors and edi-
tors to handle studies in which the experimental results
achieved statistical significance more favorably than in studies
in which the results failed to reach significance, which would
ultimately introduce bias into the overall published literature
[36]. Funnel plot asymmetry was evaluated by using Egger’s
test for small study effects through the metabias routine [36].

All statistical analyses were performed by STATA 12 for
Macintosh (Stata Corporation, College Station, TX). The pro-
tocol of the meta-analysis has been registered (Prospero).

Results

The total sample size was 607,643 persons (surgery = 72,267,
controls = 535,376); the total number of deaths was 79,134
(surgery deaths = 2274, control deaths = 76,860), and duration
of follow-up was 8.7+ 3.27 years (median £ SD). Mortality
was significantly lower in persons undergoing BS than in
persons receiving standard medical treatment of obesity
(Fig. 2a). Below median age, sample size was 301,787 (sur-
gery = 35,627, controls =266,160), and the total number of
deaths was 7416 (surgery deaths 721, control deaths=
6695). The difference between BS persons and controls was
nonsignificant in persons below mean age (Fig. 2b). Above
mean age, sample size was 302,771 (surgery = 35,674, con-
trols =267,097), and the total number of deaths was 71,718
(surgery deaths =1553, control deaths =70,165). The
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<« Fig. 2 Forest plots of meta-analysis of global mortality in surgery vs no-

surgery patients (a to ¢). OR indicates odds ratio (with 95% CI). I,
indicates heterogeneity. Egger’s test for small-study effects is shown in
each panel. a Studies without dividing for age. b Studies considering
patients below mean age. ¢ Studies considering patients above mean age

difference between BS persons and controls was highly sig-
nificant above mean age (Fig. 2c¢). In addition, both in BS
persons and in controls, mortality was higher above than be-
low median age (Appendix Supplemental Fig. 1). All the
above comparisons were based on nine studies. Median age,
frequency of diabetes and of cardiovascular diseases, and sex
ratio of BS persons and controls were not different (Table 1);
also body mass index was similar in BS persons and in con-
trols (not shown).

In a subset of five studies, causes of death were compared
(in BS and in controls) with no division for median age; deaths
from CVD, from cancer, and from diabetes were significantly
fewer in BS than in controls, while deaths from external
causes were higher in BS than in controls (Table 3). In both
BS persons and controls considered separately, age-related
mortality due to CVD causes, cancer, diabetes, and to other
causes in controls was lower below median age than above
median age (Supplemental Table 3).

When these five studies were analyzed for median age,
only deaths from CVD causes were significantly fewer in
BS than in controls below median age (Table 3). Above

median age, global deaths and deaths from CVD, cancer, di-
abetes, and other diseases were significantly fewer in BS than
in controls (Table 3, Supplemental Fig. 4). In summary, most
of the significance of difference in mortality between surgery
and controls came from persons above median age.

All studies were replicated with substitution of study 11 by
study 18; results of meta-analyses and meta-regressions did
not change (not shown). Heterogeneity was elevated in several
meta-analyses, both for non-age-dependent meta-analyses
(global mortality, mortality due to CVD causes, and diabetes)
and for below median age meta-analyses (global mortality)
and for above median age meta-analyses (global mortality,
mortality due to CVD causes, due to cancer, due to diabetes)
(Table 3). At meta-regression, global mortality was associated
with the size of studies, with mortality due to CVD causes, to
cancer, and to diabetes in both surgery and in controls, and
mortality due to external causes in controls (Supplemental
Fig. 3). Publication bias was absent (Table 3).

The first sensitivity analysis showed that in both BS per-
sons and in controls, mortality was lower below than above
median age (Supplemental Table 3, Supplemental Fig. 1).
However, the ORs and their 95% CI were different in BS
persons (OR =0.46, 95% CI 0.33-0.64) and in controls
(OR =0.16, 95% CI 0.09-0.29), with no overlapping.

Sensitivity analysis evaluating outcomes after different sur-
gical techniques was only possible for global mortality and for
causes-related deaths in all patients and showed no statistically

Table 3  Meta-analysis of mortality in surgery vs control patients for all causes (global mortality) and for specific causes of mortality

Cause of death All patients p Below median age P Above median age D
OR (95% C.L) OR (95% C.1.) OR (95% C.1.)
(. p) (2. p) (. p)
bias p bias p bias p

All causes 0.29 (0.17-0.49) 0.001 0.78 (0.57-1.06) 0.110 0.23 (0.12-0.44) 0.001
(L, =97.5,p=0.001) (L=67.1,p=0.002) (1,=97.7, p=0.001)
bias p 0.147 bias p 0.978 bias p 0.127

CVD 0.35 (0.15-0.83) 0.017 0.62 (0.51-0.74) 0.001 0.32 (0.11-0.90) 0.031
(,=95.8, p=0.001) (,=97.5,p=0.001) (1,=96.3, p=0.001)
bias p 0.169 bias p 0.147 bias p 0.154

Cancer 0.31 (0.24-0.40) 0.001 0.61 (0.30-1.23) 0.166 0.28 (0.17-0-48) 0.001
([, =40.6, p=0.151) (1,=48.9, p=0.098) (1,=280.3, p=0.001)
bias p 0.258 bias p 0.380 bias p 0.210

Diabetes 0.25 (0.06-0.97) 0.045 0.51 (0.16-1.63) 0.259 0.21 (0.05-0.96) 0.044
(1,=89.9,p=0.001) (I,=41.0, p=0.166) (1,=89.2, p=0.001)
bias p 0.471 bias p 0.166 bias p 0.460

External 1.72 (1.28-2.32) 0.001 2.69 (0.98-7.38) 0.054 1.39 (0.66-2.93) 0.382
(1L=26.1,p=0.248) (L=279,p=0.245) (1h,=244,p=0.263)
bias p 0.147 bias p 0.545 bias p 0.798

Other 0.72 (0.47-1.11) 0.136 1.26 (0.46-3.45) 0.648 0.53 (0.37-0.75) 0.001

(,=50.7, p=0.908)
bias p 0.781

(,=60.5, p=0.055)
bias p 0.693

(L=13.8,p=0.323)
bias p 0.703

Studies for all causes mortality: n =9; studies for specific causes of mortality: n=4 to 5

Odd ratios, I, for heterogeneity, and p value for publication bias are reported for all meta-analyses performed on global mortality and on specific-causes
mortality in all patients together, and in patients below and above median age
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different outcome; no other comparison could be performed,
as only one study with LAGB (vs 4 with RYGB or BPD or
with more techniques together) analyzed causes of death.

Discussion

In this meta-analysis, global mortality as well as mortality due
to CVD causes, cancer, and diabetes was reduced in BS per-
sons compared with controls. In addition, mortality due to age
was also lower below than above median age in both BS
persons and in controls, considered separately. Other studies
reporting mortality in BS persons and in controls were not
considered since they were without data on age-dependent
mortality, but these data are not different from the majority
of other studies [9, 10].

This meta-analysis shows that reduced mortality of BS
(global mortality, mortality due to CVD, cancer, diabetes, and
other causes) mainly applies to persons above median age, not
below median. One exception is represented by mortality due to
CVD, reduced in BS persons also below median age.

The finding that only above a given age bariatric surgery is
more effective in reducing long-term mortality in comparison
with controls (coming from registries and from communities
or receiving standard medical treatment) has been reported (3—
5) but has never been analyzed systemically. As a matter of
fact, in the SOS study, persons aged <37 years were not in-
cluded [4]. This is probably linked to a low overall mortality
of younger persons; this is supported by our data showing a
significant increase of mortality, global and for several causes,
linked to aging, in both BS persons and controls, and by older
data [37]. In particular, when comparing mortality below and
above median age, the ORs and their 95% CI were different in
BS persons and in controls, with no overlapping.

Additional causes for the nonsignificant effect of BS in
persons below median age might be represented by deaths
due to external causes, more frequent in BS persons than
in controls. One confounding factor might be the in-
creased rate of suicides reported in some studies [13, 16,
17] in persons undergoing bariatric surgery; unfortunately
these data could not be meta-analyzed due to the lack of
specific information about age of suicide. Methodologic
quality of studies was good, even though all studies were
retrospective, as it usually happens with studies dealing
with bariatric surgery [34]. Publication bias was absent
[36].

Limitations
The first limitation is that only nine papers could be ana-
lyzed out of many others that could not be included, al-

though data suggesting our conclusions have been pub-
lished years ago [2—4]. Duration of follow-up might be
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considered short, but data were confirmed when the
follow-up period was extended [11, 18]. This meta-
analysis only reflects reduction of mortality through bar-
iatric surgery, and does not reflect other possible benefi-
cial effects of bariatric surgery such as reduction or pre-
vention of comorbidities or improvement of quality of
life. At present, there is no data on the effect of age on
prevention/reduction of comorbidities in persons with
obesity or on the effect of age on improvement of quality
of life. Future studies might explore these items, but in
our experience [38], age does not affect prevention of
comorbidities such as diabetes, CV diseases, and cancer;
in addition, prolonged observations are accompanied by a
progressive increase of efficacy of BS in prevention of
comorbidities [18], and the preventive effect of bariatric
surgery on incident diabetes is greater in younger subjects
[39]. Furthermore, due to the typical nature of meta-anal-
ysis, we could only analyze aggregated data so that we
could not test interaction between BS and age or imple-
ment a global multivariable model for the difference be-
tween BS persons and controls, adjusting for age and
other possible confounders. Heterogeneity was high for
many comparisons, probably due, among other causes,
to the great difference in size of the studies analyzed; in
addition, it is possibly due also to the different nature of
controls. Future randomized clinical trials of long duration
are required to confirm the data of this meta-analysis.

Conclusion

Bariatric surgery seems to prevent long-term mortality, com-
pared with controls, only in persons above median age of
cohorts, not in younger persons, and a similar effect applies
to most causes of mortality. This effect is probably due to a
low overall mortality of persons with obesity of young ages.
In contrast, no conclusion can be drawn for the effect of age on
prevention or disappearance of comorbidities through bariat-
ric surgery.
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