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Aims Obesity is a global health problem, associated with significant morbidity and mortality, often due to cardiovascular (CV) dis-
eases. While bariatric surgery is increasingly performed in patients with obesity and reduces CV risk factors, its effect on CV
disease is not established. We conducted a systematic review and meta-analysis to evaluate the effect of bariatric surgery on
CV outcomes, in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guideline.

Methods PubMed and Embase were searched for literature until August 2021 which compared bariatric surgery patients to non-sur-

and results gical controls. Outcomes of interest were all-cause and CV mortality, atrial fibrillation (AF), heart failure (HF), myocardial
infarction, and stroke. We included 39 studies, all prospective or retrospective cohort studies, but randomized outcome
trials were not available. Bariatric surgery was associated with a beneficial effect on all-cause mortality [pooled hazard ratio
(HR) of 0.55; 95% confidence interval (Cl) 0.49-0.62, P < 0.001 vs. controls], and CV mortality (HR 0.59, 95% C10.47-0.73,
P <0.001). In addition, bariatric surgery was also associated with a reduced incidence of HF (HR 0.50, 95% C1 0.38-0.66, P <
0.001), myocardial infarction (HR 0.58, 95% Cl 0.43-0.76, P < 0.001), and stroke (HR 0.64, 95% Cl 0.53-0.77, P < 0.001),
while its association with AF was not statistically significant (HR 0.82, 95% Cl 0.64—1.06, P=0.12).

Conclusion The present systematic review and meta-analysis suggests that bariatric surgery is associated with reduced all-cause
and CV mortality, and lowered incidence of several CV diseases in patients with obesity. Bariatric surgery should
therefore be considered in these patients.
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Key question

* What is the effect of bariatric surgery on mortality and cardiovascular (CV) disease?

* In this systematic review and meta-analysis, studies that compared bariatric surgery patients to non-surgical controls were evaluated.

Key finding(s)

* Pooled analysis showed a significant reduced hazard ratio for all-cause and CV mortality, heart failure, myocardial infarction, and stroke.

Atrial fibrillation did not improve significantly.

Take-home message

* This current systematic review and meta-analysis of cohort studies illustrates that all-cause and CV mortality, as well as the incidence of CV

diseases, are reduced by bariatric surgery. Bariatric surgery should therefore be considered in these patients.

Previous literature has
shown that bariatric

surgery effectively targets

o A1~ 1 ~ pials Fame -
Cardiovascular risk factors

* Hypertension
* Metabolic syndrome: diabetes — dyslipidaemia
« Increased inflammation

CV risk factors
] da e
h

( )

D Laparoscopic sleeve gastrectomy G J \ 3 J

\ s - '_\r

2 Laparoscopic Roux-en-Y gastric bypass = o

_

J HR (95%Cl)

Pooled analysis showed
significant reduced
HR for all outcomes,
except for AF:

Cardiovascular disease
* Heart failure

« Atrial fibrillation

« Coronary artery disease
* Stroke

Al cause mortality - [ | 055(0.49-062)

Heart failure - | 050(038-066)

&

Atrial fibrillation — I —Q—;-i 0.82 (0.64-1.06)

Myocardial infarction — — 0.58 (0.43-0.76)
Stroke | e 0.64 (0.53-0.77)

T — T T T T 1

01 1 2

Favors surgery Favors control
HR with 95%CI

Structured Graphical Abstract Obesity and cardiovascular disease: the effect of bariatric surgery.
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Introduction

Obesity is rapidly becoming one of the biggest healthcare problems
in the western world, and is associated with significant morbidity
and mortality."™ In 2016, obesity was associated with four million
deaths each year.® In the USA, the prevalence of obesity [defined as
body mass index (BMI) >30 kg/m?] was 40% in adults in 2015-16,°
and this will rise to around 50% in 2030.”

Obesity is associated with increased adipose tissue, also referred
to as adiposopa‘chy,8 and through several mechanisms this may be
pathological to the cardiovascular (CV) system (Structured
Graphical Abstract). First, CV disease can be the result of the sys-
temic effects of adipose tissue, due to the development of risk fac-
tors. Second, adipose tissue may also directly or locally act by

epicardial and perivascular effects into the myocardium and blood
vessels.®® And third, the accumulation of adipose tissue may cause
(organ) compression,’ leading to hypertension and renal dysfunc-
tion,'® and obstructive sleep apnoea."’

Of the CV risk factors associated with obesity, hypertension is
the most common, followed by diabetes. Their prevalences in-
crease with the severity of obesity and are generally present in
30-40% of patients.'? Dyslipidaemia and increased inflammation
are also common in obesity (around 20-40%).

Cardiovascular diseases associated with obesity are atrial fibril-
lation (AF), heart failure (HF), coronary artery disease/myocardial
infarction, and stroke. The hazard ratio (HR) to develop these CV
diseases is at least 1.5-2.0, but this markedly increases to >6.0 in
severe obesity, defined as BMI >40 kg/m2."*~"® Obesity is also a
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1618 and has also been associated

well-known risk factor for stroke,
with increased incidence of aortic valve stenosis, but much fewer
data are available on this topic.19

Treatment of obesity is difficult, and initially based on lifestyle
change, diet, and increased physical activity.m To achieve a sus-
tained reduction of 5-10% of total body weight is difficult if not im-
possible in most pa‘cients.21 Pharmacological treatment of obesity
can be considered, but only a few drugs have been approved,”*
because of side-effects and safety concerns.?**?

Bariatric (or metabolic) surgery is an accepted treatment for pa-
tients with morbid obesity, i.e. BMI >40 kg/m?, or severe obesity,
i.e. >35 kg/m? in presence of obesity-associated comorbidities.”*
Since its introduction,” techniques have improved, particularly
with laparoscopic procedures, which has resulted in a low inci-
dence of serious complications, and a 30-day mortality rate
<0.5%.2%%%% A recent study of 9710 patients reported a mean to-
tal weight loss of around 25% after surgery.?® Since obesity is in-
creasingly common in patients with CV disease,”’ the use of
bariatric surgery is expected to increase in this population.

The effect of bariatric surgery on CV diseases (or CV mortality)
has been examined in four other systematic reviews and
meta-analyses,°% but since that time important, prospective
studies have been published, or recent reviews did not include
allimportant CV outcomes, and/or did not have substantial follow-
up duration. Therefore, we aimed to perform a comprehensive sys-
tematic review and meta-analysis of the available literature on the
effect of bariatric surgery on CV disease and outcome.

Methods

This systematic review and meta-analysis was performed according to
the 2020 Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline.>* The PRISMA 2020 item checklist
is detailed in Supplementary material online, Figure S1. We conducted a
search in Pubmed and Embase databases from inception to 28 August
2021. The search strategy composed the PICO method: patients of
interest were obese, adult (age >18 years old) patients, Intervention
was bariatric surgery, Controls were obese patients who did not
undergo bariatric surgery, and Outcomes were defined as all-cause
mortality, CV mortality, and incidence of CV disease, i.e. incident AF,
incident HF, incident myocardial infarction, incident stroke, and inci-
dent aortic stenosis. Further, for clarity reasons we investigated myo-
cardial infarction, and not incident coronary artery disease, because it is
very difficult if not impossible to define its onset, also this was not uni-
form across the studies. Somewhat similarly, we investigated stroke
and not incident cerebrovascular disease. A few studies, however, fur-
ther differentiated between ischaemic vs. haemorrhagic stroke, and
thus we also separately investigated the effect on ischaemic stroke.
The full search strategy is detailed in the Supplementary material
online, Figure S2. The protocol for this systematic review and
meta-analysis was registered to PROSPERO (identification number:
CRD42021277135). Our search was limited to studies conducted in
adults, published in peer-reviewed journals and written in English.

Study selection

Studies were considered eligible if they were designed to study out-
comes in obese patients who underwent a weight-loss surgical inter-
vention in comparison with an age, sex, and BMI matched control
group who did not undergo a weight-loss surgical intervention. We

searched for randomized controlled trials, prospective or retrospect-
ive longitudinal cohort studies, and case—control studies. For the con-
trol group, all non-surgical treatment options for obesity (e.g. intensive
lifestyle intervention, standard of care, or no specific therapy) were ac-
cepted. Studies were excluded if (i) patients were not matched for age,
sex, and BMI; (i) the presence of one or more outcome parameters of
interest (e.g. HF, AF, coronary artery disease) was required for inclu-
sion; or (iii) if study groups were not representative in relation to
the general population of patients with obesity (e.g. patients could
only be included in the presence of a specific comorbidity, for instance,
end-stage renal disease). The third criterium did not apply to Type 2
diabetes, thus studies that only included patients with Type 2 diabetes
could be eligible for inclusion.

After removal of duplicates and non-English articles, conference ab-
stracts, case reports, comments, review articles, and editorials, all re-
cords were independently reviewed by two observers (T.M.G. and
G.v.W.), and studies were subsequently excluded at title, abstract, or
full-text level. Disagreement was resolved by consensus. We also re-
viewed reference lists of included articles for relevant publications not
identified by the initial search. Studies were specifically reviewed for po-
tential overlap of study populations. If there was an overlap of the study
population with identical outcome parameters of interest, the study with
the longest follow-up duration for that endpoint was included. If one
study population was described in various articles, these articles ana-
lysed different outcome parameters, both articles could be included.
However, for each study population, the HR for that specific outcome
parameter could only be extracted once, so no overlap in HR of the
same outcome within the same study population could occur. The HR
with the longest follow-up duration for a specific endpoint was chosen.

Data extraction

The following data were extracted: (i) study characteristics (i.e. publi-
cation year, type of bariatric surgery, number of patients, mean age and
BMI and the percentage of patients diagnosed with Type 2 diabetes for
both groups, study design, study cohort and recruitment period, major
inclusion and exclusion criteria, primary and secondary outcome para-
meters and follow-up period); (ii) event rate per outcome parameter
for each group; (iii) unadjusted and adjusted HRs with their 95% con-
fidence intervals (Cls) for the association with outcome of interest; and
(iv) adjustment variables.

Quality assessment

The risk of bias for each study was assessed by two independent re-
viewers (S.L.v.V. and G.v.W.) using the Newcastle-Ottawa Quality
Assessment Scale for Cohort Studies. The length of follow-up was
set at a minimum of 5 years to be evaluated as adequate. Agreement
for the quality assessment between both observers was tested and
disagreement was resolved by consensus. The quality of evidence
was assessed for each outcome parameter using the Grading of
Recommendations, Assessment, Development, and Evaluations
(GRADE) framework.> All study outcomes were assessed by two re-
viewers (S.L.v.V. and T.M.G.), and disagreement was resolved by
consensus.

Statistical analyses

Continuous variables were reported as means + standard deviation
and categorical data as numbers or percentages. Hazard ratios were
log transformed, and the Cl was converted to standard error = (upper
limit — lower limit)/3.92 for 95% Cl. In random effect models
(DerSimonian and Laird), we analysed adjusted HR to generate pooled
HRs for the association between bariatric surgery for outcome in
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comparison with controls. The pooled HRs were calculated using
inverse-variance weighted averaging and were depicted in forest
plots. For the analyses that included <20 studies, the Hartung—
Knapp—-Sidik—Jonkman correction method of the DerSimonian and
Laird random effect models was also applied, based on previous rec-
ommendation.®® We performed a sensitivity analysis in which pooled
HRs were primarily calculated in prospective and retrospective stud-
ies separately. We also performed a sensitivity analysis using only
studies that were assessed to have good or fair quality, according
to the Newcastle-Ottawa  Quality =~ Assessment  Scale.
Heterogeneity among effect sizes was assessed using the
Q-statistic and magnitude of heterogeneity with /2.3’ Publication
bias was tested with funnel plot asymmetry and Egger’s regression
test if a minimum of 10 studies was included in the analysis.>®=’
Inter-rater agreement for the quality assessment was tested using
Cohen’s kappa coefficient. Statistical analyses were performed using
RevMan 5.4 and SPSS (Version 26).

Results

Search results

The search strategy yielded 2965 articles. After removing duplicates
and screening of articles, 39 studies were included in the systematic
review. Figure 1 shows the PRISMA flowchart for the literature
search. There were no randomized, controlled trials that have ex-
amined the effect of bariatric surgery on mortality or CV disease.
Our systemic search identified observational cohort studies that re-
ported the effect of surgery. These were in mostly retrospective co-
hort studies,*®®® but several prospectively defined (matched)
cohort studies®’~®
cluded studies are presented in Table 1. All outcomes regarding
mortality and incidence of AF, HF, myocardial infarction, and stroke

were also found. The key characteristics of all in-

of allincluded studies are available in Supplementary material online,
Table S1. In our present search, we have not identified any reports
which have examined the effect of bariatric surgery on incident
valvular heart disease such as aortic stenosis.

In the quality assessment, 19 studies were assessed as ‘good’
quality, one study was assessed as ‘fair’ quality, and 19 studies
were assessed as ‘poor’ quality (see Supplementary material
online, Table S2). The inter-rater agreement on the quality assess-
ment was good/excellent: overall agreement 91.4% (329/360);
Cohen’s kappa was substantial: 0.800. The quality of evidence for
all outcome parameters was assessed as ‘very low’ quality. This
was based on the observational design of all included studies and
the substantial heterogeneity among studies per outcome param-
eter (see Supplementary material online, Table S3).

Heterogeneity among effect sizes was high for all outcome para-
meters. Publication bias could only be assessed for all-cause mor-
tality (given the criterium of a minimum of 10 studies per outcome
parameter for Egger’s test and funnel plots), which showed pos-
sible publication bias (see Supplementary material online, Table $4).

Effect on all-cause and cardiovascular
mortality

A total of 28 studies examined the effect of bariatric surgery on
mortality, both all-cause and CV mortality. Following bariatric sur-
gery, all-cause mortality varied from 0.0 to 23.7%, and 1.4 to 28.2%

for controls, with follow-up duration ranging between 2 and 24
years (see Supplementary material online, Table S7). There were
21 studies that examined all-cause mortality, and reported ad-
justed HRs, and were therefore suited for the meta-analysis
(Figure 2). These 21 studies included 133 524 patients after bariatric
surgery, and 263478 obese controls. The meta-analysis showed
that patients who had undergone surgery had a pooled HR of all-
cause mortality of 0.55 (95% Cl 0.49-0.62, P <0.001, [*=78%)
compared with obese subjects in the control group. Three of these
studies only reported adjusted HRs for separate subgroups [i.e.
diabetic vs. non-diabetic, or Roux-en-Y gastric bypass (RYGB) vs.
sleeve gastrectomy] and are thus mentioned twice in the forest
plot.*7*% Seven studies investigated CV mortality, with inci-
dences of 0.2-8.3% in bariatric patients and 0.5-12.9% in controls.
The results in the meta-analysis showed that bariatric surgery also
reduced CV mortality (HR 0.59, 95% Cl 0.47-0.73, P < 0.001, > =
71%; see Supplementary material online, Figure S3).

Effect on atrial fibrillation

A total of seven studies examined the effect of bariatric surgery on
the incidence of AF (see Supplementary material online, Table S7),
which ranged from 0.8—-12.4% in patients after bariatric surgery to
1.3-16.8% in control subjects. Five of these studies were suitable
for the meta-analysis, which accumulated to 24015 patients fol-
lowing bariatric surgery and 80 394 controls (Figure 3A). The over-
all effect in the meta-analysis was a non-significant reduction after
bariatric surgery vs. controls with regard to the incidence of AF
(HR 0.82, 95% Cl 0.64-1.06, P=0.12, I* =76%).

Effect on heart failure
A total of 12 studies examined the effect of bariatric surgery on the
incidence of HF (see Supplementary material online, Table S7).
Incidence rates that were reported ranged from 0.4 to 9.9% in pa-
tients following bariatric surgery, as compared with 0.7-15.7% in
controls. For the meta-analysis, eight studies fulfilled criteria and
thus a total of 26 002 bariatric patients and 40 657 controls were
examined. The pooled HR for incident HF following bariatric
surgery vs. control subjects was 0.50 (95% Cl 0.38-0.66,
P <0.001, I>=71%, Figure 3B).

It is important to mention that one large study that examined in-
cident HF was not included in the current meta-analysis since the
authors only provided unadjusted HR in their results. Sundstrom

etal.”®

examined 25 804 patients who had undergone bariatric sur-
gery, and compared them to 13701 controls. During 4 years of
follow-up, surgery led to a 46% reduction in HF incidence, but
the overall incidence of events was very low, which may have
been due to the design of the study (i.e. less stringent registration

of events).

Effect on myocardial infarction

Nine studies reported on incident myocardial infarction after bar-
iatric surgery and controls, and six on incident coronary artery dis-
ease. Incidence of coronary artery disease following bariatric
surgery ranged from 1.5 to 13.7% vs. 2.7 to 44.7% in controls
(see Supplementary material online, Table S7), but these were
not analysed further. Myocardial infarction after bariatric surgery
occurred in 0.1-9.9% of patients, compared with 0.5-10.0% in
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Identification of studies via databases and registers ]
i
Records removed before
§ Records identified from: screening.
Pubmed (n = 935) ) Duplicate records removed
Embase (n = 2029) (n = 606)
Reference lists (n = 1) Records removed for other
reasons (n = 1157)*
Records screened — Recg:,dzuixf,',uf 3%4(4')' =1tk
(n =1202) On abstract (n = 157)
Reports sought for retrieval Reports not retrieved
(n=281) (n=0)
P Reports excluded (n = 42):
Reports assessed for eligibil
(n 3%1) o o All pts had a CV disease at
baseline (n = 9)
Population overlap with same
endpoints (n = 10)
Control group not BMI
matched (n = 17)
No useful endpoints (n = 3)
No representative
intervention group (n = 3)
Studies included in review
(n=39)

*Non-English articles, conference abstracts, case reports, comments, review articles and editorials.

Figure 1 Flowchart of literature search according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. BMI,

body mass index; CV, cardiovascular.

controls. For the meta-analysis of incident myocardial infarction
after bariatric surgery, seven of the nine studies were suitable, in-
volving 101536 patients following bariatric surgery and 322 551
controls. Bariatric surgery was associated with a lower incidence
of myocardial infarction when compared with controls (HR 0.58,
95% Cl 0.43-0.76, P < 0.001, I* = 82%, Figure 3C).

Effect on stroke

The incidence of stroke was investigated in 14 studies, and its inci-
dence was much lower than other CV events (Table 7). Incidence
of stroke ranged from 0.5 to 6.1% in bariatric patients, and 0.5 to
6.9% in controls. Nine studies were suitable for meta-analysis, in-
volving 86 601 bariatric patients, and 318 599 controls. The pooled
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Study or Subgroup log[Hazard Ratio]

SE Weight 1V, Random, 95% CI

Hazard Ratio
IV, Random, 95% ClI

Hazard Ratio

Adams 2007
Aminian 2019
Ardissino 2020
Arterburn 2013
Arterburn 2015
Busetto 2007
Carlsson 2020
Ceriani 2019
Courcoulas 2021 (RYGB)
Courcoulas 2021 (SG)
Doumouras 2020
Fisher 2018

Lent 2017 (DM2)
Lent 2017 (no DM2)
Liakopoulos 2018
Lundberg 2021
Moussa 2020
Pontiroli 2020
Rassen 2021

Reges 2018

Singh 2020

Sjostrém 2007
Thereaux 2019 (RYGB)
Thereaux 2019 (SG)

-0.5108 0.1015383 5.5%
-0.5276 0.10343498 5.4%
-1.0217 0.33628594 2.3%
-0.6162 0.43906681 1.6%

-0.755 0.10124525 5.5%
-1.0217 0.4105709 1.7%
-0.3567 0.07234064 5.9%
-0.6349 0.30801407 2.5%
-0.7985 0.13321158 5.0%

-1.273 0.37706681 2.0%
-0.3857 0.08964232 5.6%
-1.0788 0.40714666 1.8%

-0.821 0.20978544 3.7%
-0.1744 0.18968827 4.0%
-0.5447 0.10880574 5.3%
-0.0619 0.09456097 5.6%
-1.3863 0.16963681 4.4%
-0.7985 0.16087419 4.5%

0.1222 0.35139891 2.2%
-0.6931 0.10765163 5.4%
-0.3567 0.12278142 5.1%
-0.3425 0.13591952 4.9%
-0.4463 0.10343498 5.4%
-0.9676 0.13896101 4.9%

Total (95% CI) 100.0%
Heterogeneity: Tau® = 0.06; Chi? = 105.14, df = 23 (P < 0.00001); I?
Test for overall effect: Z = 9.41 (P < 0.00001)

= 78%

0.60 [0.49, 0.73]
0.59 [0.48, 0.72]
0.36 [0.19, 0.70]
0.54 [0.23, 1.28]
0.47 [0.39, 0.57]
0.36 [0.16, 0.80]
0.70 [0.61, 0.81]
0.53 [0.29, 0.97]
0.45 [0.35, 0.58]
0.28[0.13, 0.59]
0.68 [0.57, 0.81] -
0.34[0.15, 0.76]
0.44 [0.29, 0.66]
0.84 [0.58, 1.22]
0.58 [0.47, 0.72]
0.94[0.78, 1.13] -
0.25 [0.18, 0.35] —_
0.45 [0.33, 0.62]
1.13 [0.57, 2.25]
0.50 [0.40, 0.62]
0.70 [0.55, 0.89]
0.71 [0.54, 0.93]
0.64 [0.52, 0.78]
0.38 [0.29, 0.50] —_

e
-

fty

0.55 [0.49, 0.62] ¢

0.02 01 10 50
Bariatric surgery Control

Figure 2 Forest plot of pooled hazard ratios of all-cause mortality. Cl, confidence interval; DM2, Type 2 diabetes mellitus; RYGB, Roux-en-Y

gastric bypass; SE, standard error; SG, sleeve gastrectomy.

analysis showed that bariatric surgery reduced the incidence of
(all) strokes (HR 0.64, 95% Cl 0.53-0.77, P<0.001, I>=280%,
Figure 3D).

A few studies further investigated the type of stroke, and so we
performed additional analysis in studies that only reported on is-
chaemic stroke. Interestingly, we observed an even more outspoken
protective effect of surgery on ischaemic stroke (HR 0.37, 95% CI
0.17-0.82, P=0.01, 12:92%), compared with the effect on all
strokes combined (see Supplementary material online, Figure $4).

Sensitivity analysis
As expected, small effect modification using the Hartung—Knapp—
Sidik—Jonkman correction in the analyses with <20 studies chan-
ged the Cls but not the overall effect estimate: for CV mortality
(HR 0.59, 95% Cl 0.45-0.77, P=0.004); for AF (HR 0.82, 95% ClI
0.51-1.32, P=03); for HF (HR 0.50, 95% CI 0.37-0.68,
P=0.001); for myocardial infarction (HR 0.58, 95% CI 0.42-0.80,
P=0.006); and for stroke (HR 0.64, 95% Cl| 0.50-0.82, P=0.003).
In sensitivity analyses, we evaluated each outcome parameter for
prospective and retrospective studies separately. The magnitude
and direction of the pooled effect remained similar to all pooled
HRs in comparison to prospective and retrospective studies for all-
cause mortality (prospective studies: HR 0.60, 95% CI 0.43-0.83,
P=0.002, *=92%, and retrospective studies: HR 0.54, 95%
Cl 0.48-0.60, P<0.001, I>=59%). The same was observed in
the analyses of CV-related mortality (single prospective study:
HR 0.78, 95% Cl 0.64-0.96, P=0.02, and retrospective studies:
HR 0.55, 95% CI 0.45-0.66, P < 0.001, I> = 53%), incident HF (pro-
spective studies: HR 0.45, 95% Cl 0.26-0.78, P=0.004, [* = 84%,

and retrospective studies: HR 0.54, 95% CI 0.38-0.77, P < 0.001,
I*=65%), and all types of stroke (prospective studies: HR 0.56,
95% Cl 0.35-0.90, P=0.02, I2:92%, and retrospective studies:
HR 0.02, 95% Cl 0.00-0.31, P=0.005, I* = 66%).

Differences in outcomes between prospective and retrospective
studies were seen in incident AF (prospective studies: HR 0.66,
95% ClI 0.57-0.77, P<0.001, [*=0%, and retrospective studies:
HR 1.04, 95% Cl 0.69-0.1.56, P = 0.87, [* =77%), as well as for in-
cident myocardial infarction (prospective studies: HR 0.57, 95%
Cl 0.45-0.72, P <0.001, I*=42%, and retrospective studies: HR
0.66, 95% Cl 0.32-1.35, P=0.25, [*=85%). For both outcomes,
a protective effect following bariatric surgery was only found in
prospective studies, and a non-significant (non-protective) out-
come was seen in retrospective studies.

In sensitivity analysis that only assessed the studies of good or
fair quality, outcomes were similarly beneficial following baria-
tric surgery for all-cause mortality (HR 0.50, 95% CI 0.43-0.59,
P <0.001, I*=80%), CV mortality (HR 0.59, 95% CI 0.47-0.73,
P=0.002, > =63%), HF (HR 0.51, 95% Cl 0.33-0.77, P=0.001,
I*=56%), all types of stroke (HR 0.55, 95% Cl 0.34-0.88, P=
0.01, =90%), and ischaemic stroke (single study: HR 0.32,
95% C10.25-0.41, P <0.001). For AF and myocardial infarction,
outcomes of this sensitivity analyses (respectively; a single study
on AF: HR 0.69, 95% Cl 0.58-0.82, P <0.001, and multiple stud-
ies on myocardial infarction: HR 0.61, 95% Cl 0.39-0.94, P=
0.02, > =67%) were in line with the pooled outcome of pro-
spective studies, showing a lowered incidence of disease after
bariatric surgery, but were different to the general pooled
outcome.
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standard error.

Discussion

Bariatric surgery is currently the only treatment option that
achieves substantial and durable weight reduction in patients
with obesity, in whom there is a markedly increased incidence of
CV disease. The present systematic review and meta-analysis of
39 controlled cohort studies shows that bariatric surgery is signifi-
cantly associated with reduction of not only mortality but also the
incidence of CV disease, although it must be noted that no rando-
mized outcome trials are available. Nevertheless, the data from the
present systematic review and meta-analysis strongly suggest that
bariatric surgery reduces the incidence of CV disease and lowers
mortality during follow-up (Structured Graphical Abstract).

In recent years, four other systematic reviews have been pub-
lished.*®3* Zhou et al*° reviewed all studies until 2016 and re-
ported all-cause mortality, cancer incidence, and CV outcomes
after bariatric surgery compared with obese controls. Their find-
ings are in line with the current results, but clearly, their data are
older, and many recent studies were not part of the analysis, par-
ticularly since a number of important studies have been published
in the last 2 years. In addition, for CV disease they only examined
nine studies, and together these factors are the main limitation of
their review. The meta-analysis by Wiggins et al.*" published in
2020 focused on mortality and ischaemic heart disease, and CV
risk factors such as diabetes, but they only included studies that
drew their study population from nationwide registries as opposed
to more precise hospital records, thereby missing many endpoints,
and they only included 18 studies. Interestingly, using this approach,
they observed a similar effect of bariatric surgery compared with
controls as we did in the present analysis (i.e. a pooled odds ratio
for all-cause mortality of 0.62 and 0.50 for CV mortality). In the
third systematic review by Pontiroli et al.,*? also published in
2020, the authors conducted a meta-analysis to evaluate outcome
following bariatric surgery, and focused on the important issue of
age at the time of surgery, and how that influences the effect of sur-
gery on outcome. Using this approach the authors included nine

studies, and observed that the beneficial effect of surgery on out-
come was mainly found in patients above the median age (around
40). It should be noted, however, that the median follow-up dur-
ation in their meta-analysis was 8.7 years, and this may have been
rather short, particularly in younger patients, since CV disease
(and associated mortality) usually occurs later, even in obese pa-
tients. The review by Cardoso et al.*® from 2017 misses recent
studies due to the publication date, and it only uses eight studies
for their outcome analysis. In addition, that study only examined
short-term follow-up, and has very few endpoints.

Despite the potential favourable long-term effect of bariatric
surgery, considering surgery for obesity, however, remains a signifi-
cant step for patients. With the increasing safety and relatively low
incidence of (long term) adverse outcomes, it can be an attractive
alternative, however, for patients with morbid obesity.79 Bariatric
surgery has been shown to reduce CV risk factors, and arguably,
this should be accompanied by a reduction in CV events, but there
are no randomized controlled trials that have prospectively exam-
ined the incidence of CV disease. This is understandable, since the
average age of patients undergoing bariatric surgery is 40 years, and
the onset of CV disease in patients below the age of 50 is relatively
low. In other words, despite a probably significant and clinically
relevant patient benefit, randomized controlled trials that exam-
ined the effect of bariatric surgery on CV disease outcome would
require long-term (e.g. 5-10 years or maybe even longer) follow-
up. The present meta-analysis shows a 25-58% reduction of CV
events and a 35-40% reduction in mortality. It would be nice if
these findings were supported in large-scale randomized clinical
outcome trials, with substantial follow-up duration. But it will be
challenging, and maybe even unlikely, that such a randomized clin-
ical trial will be conducted in the near future. The fact that bariatric
surgery is already performed on a large scale (and that withholding
bariatric surgery may sometimes seem unethical for patients with
morbid obesity) will complicate matters further, and make an out-
come trial very difficult. Hence, it will also be unlikely that a future
systematic review and meta-analysis will render higher GRADE
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assessments for outcome parameters, even though this current re-
view and future reviews consist of individual high-quality prospect-
ive studies.

An important factor in the beneficial effect of bariatric surgery is
whether this is only due to the absolute weight reduction, or
whether additional, ancillary effects also play a role. A recent small
mechanistic study suggested that the benefits of bariatric surgery
were all related to weight loss itself, with no other independent
beneficial effects.®” Many other studies, however, have suggested
that ancillary factors associated with surgery are of influence,
such as an altered profile in gut hormone expression, enhanced in-
sulin sensitivity, and changed gut microbioma,®’ and the procedure
is therefore increasingly referred to as metabolic surgery.5
Nevertheless, there is no question that the magnitude of weight
loss is very important, and in one study it was calculated that in
non-surgical obese patients, a 20% decrease in weight was required
(only rarely achieved) to reduce long-term major CV events, while
in surgical patients at least 10% weight reduction was required,
which is generally easily achieved,®' and underlines the hypothesis
that other metabolic mechanisms contribute to the beneficial ef-
fects of surgery.

As pointed out before, despite these potential benefits of baria-
tric surgery to prevent (and possibly treat) CV disease, no rando-
mized controlled studies have primarily investigated the effect of
surgery on CV events or outcome. At this moment, we are aware
of only one ongoing randomized clinical trial in patients with mor-
bid obesity and AF, who will undergo bariatric surgery 6 months
prior to AF catheter ablation (Bariatric Atrial Restoration of
Sinus  Rhythm, ClinicalTrials.gov identifier NCT04050969). In
terms of prevention, bariatric surgery could potentially be useful
in any (morbidly) obese patient with an increased risk of CV dis-
ease. Regarding treating clinically present disease, surgery could
possibly be useful to treat patients with HF, but also AF, as dis-
cussed above. The recently published guideline for CV disease pre-
vention by the European Society of Cardiology® states that
‘bariatric surgery for obese high-risk individuals should be consid-
ered when lifestyle change does not result in maintained weight
loss’, i.e. a 2A recommendation. This is a major change from the
previous guideline of 2016,%* in which diet and lifestyle are advo-
cated as main-stay therapy options, and bariatric surgery did not re-
ceive a formal recommendation. In addition, prevention or
treatment of CV disease has so far not affected the recommenda-
tions for surgery.®®> The strongest recommendation for metabolic
surgery is for patients with obesity and Type 2 diabetes, and in
this patient population, it is now considered a valid addition to ex-
isting standard therapy.

There are some limitations that should be mentioned regarding
the present systematic review and meta-analysis. First, all data re-
garding bariatric surgery that are discussed here stem from non-
randomized studies, albeit many of them are prospective in design.
Second, some of the studies in obese subjects only enrolled pa-
tients with (Type 2) diabetes, which may have affected the findings
(see also Supplementary material online, Table S7). Indeed, it has
been suggested that bariatric surgery may be more effective in re-
ducing outcomes in patients with diabetes, as compared with those
without diabetes.>* However, this was not reported in another
s‘cudy74 and the present meta-analysis does not provide an answer

on this. Third, recent studies with new drugs like glucagon-like pep-
tide 1 agonists or sodium—glucose cotransporter 2 inhibitors, have
shown promising results in patients with diabetes and obesity, but
no large studies are currently available on the (additive) effect of
bariatric surgery in the population. But it is conceivable that these
drugs may affect the outcome in this population. Fourth, we only
examined the effect of surgical techniques combined, and did not
investigate potential differences between techniques. Fifth, we
did not specifically analyse HR of coronary artery disease in add-
ition to myocardial infarction. This decision was based on the
fact that the data on coronary artery disease were relatively scarce,
and as coronary artery disease can occur silently, this may have
been difficult to report in large (national) cohorts. We hypothe-
sized that coronary artery disease is underreported to some ex-
tent, and therefore future studies could add valuable information
regarding coronary artery disease following bariatric surgery.
Last, some analyses should be interpreted with caution, as some
sensitivity analyses consisted of single studies analysis, for example
CV-related mortality in the analysis of prospective studies.”* In
addition, publication bias was not assessed for the majority of
our outcome parameters, as the Egger’s test and funnel plots are
not appropriate in analysis containing <10 studies. For interpret-
ation of funnel plots, it should be noted that asymmetry can also
originate from other sources than publication bias.*’

In summary, the results of this systematic review and
meta-analysis of 39 studies suggest that bariatric surgery reduces
mortality and incidence of CV disease in patients with obesity com-
pared with non-surgical treatment. Bariatric surgery should there-
fore be considered in these patients.

Supplementary material

Supplementary material is available at European Heart Journal
online.
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