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Background: Randomized, controlled trials (RCTs) comparing the effectiveness of

for obesity (i.e., lifestyle structured interventions—LSI, medical therapy—MT, obesity
management medication—OMM or endobariatric procedures—EP) are lacking. This
study aims to assess the effectiveness of multiple simultaneous (before or immedi-
ately after MBS) interventions for treating obesity.

Methods: We performed a meta-analysis including all RCTs enrolling patients under-
going different MBS procedures add-on to other anti-obesity strategies (LSI, MT,
OMM or ES) versus MBS alone, with a duration of at least 6 months. The primary
outcome was BMI at the end-point; secondary end-points included percentage total
and excess weight loss (%TWL%, and EBWL%), total weight loss (TWL), fasting
plasma glucose (FPG), HbA1c, surgical and non-surgical severe adverse events (SAE),
mortality, remission of type 2 diabetes, hypertension, dyslipidemia and health-related
quality of life (HR-Qol).
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was no mortality.
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1 | INTRODUCTION

The global prevalence and burden of obesity and diabetes are rapidly
increasing, becoming a major public health concern worldwide.> The
dramatic impact of overweight and obesity on complications, mortality,
quality of life and healthcare costs has been extensively described.?
Obesity-related medical conditions (i.e., diabetes mellitus, hypertension,
dyslipidemia, obstructive sleep apnea syndrome [OSAS], metabolic
dysfunction-associated fatty liver disease [MAFLD]) can negatively
impact public health and healthcare economic burden worldwide.

Lifestyle changes can play an important role in managing over-
weight and obesity. Patients should always be encouraged to adopt a
healthy and balanced lifestyle, adding psychological support, limiting
the intake of processed and high-calorie food and practising regular
physical activity.® However, lifestyle changes alone are insufficient to
achieve or maintain weight loss goals, which is why further add-on
therapies must be considered.

Pharmacological and surgical (i.e., bariatric and endoscopic) thera-
pies have been developed to address the complex nature of obesity
and its related medical conditions, aiming at reducing long-term
healthcare costs.*™¢

Pharmacological treatments for obesity include a high number of
approved drugs, such as orlistat, lorcaserin, phentermine/topiramate,
naltrexone/bupropion, liraglutide, semaglutide and tirzepatide. These
drugs mostly act by reducing food intake and increasing satiety,
thereby promoting weight loss.””® Moreover, an impressive number
of upcoming obesity management medications (OMM) are currently
under investigation, such as GLP1/glucagon dual agonists, GIP/GLP1/
glucagon triagonists and leptin sensitizers, possibly revolutionizing the
overall management of overweight and obesity.*°

Metabolic and bariatric surgery (MBS), such as Adjustable Gastric
Banding (AGB), Sleeve Gastrectomy (SG), Roux-en-Y Gastric Bypass
(RYGB), One Anastomosis Gastric Bypass (OAGB), Bilio-Pancreatic
Diversion with Duodenal Switch (BPD-DS) Single anastomosis
Duodeno-lleal Bypass with Sleeve Gastrectomy (SADI-S) have also
been approved for the treatment of obesity. Patients undergoing

Results: A total of 25 RCTs were retrieved. The addition of either OMM
(i.e., liraglutide) or EP (i.e., intragastric balloon—IB, endosleeve-ES) to MBS was asso-
ciated with a significantly lower BMI at the end-point (p = 0.040). The addition of lir-
aglutide only to MBS was associated with a greater %EWL%, but not %$TWL and
TBWL (p = 0.008). Three trials evaluated end-point HbAlc, showing a significant
reduction in favour of liraglutide as an add-on therapy to MBS (p = 0.007). There

Conclusions: MBS combined with non-surgical approaches appears more effective

than MBS alone in reducing BMI. Further RCTs on combined therapies to MBS for

severe obesity are needed to enhance the tailoring of treatment for severe obesity.

bariatric surgery, GLP-1 analogue, meta-analysis, obesity therapy

these procedures are more likely to achieve significant and sustained
weight loss versus other therapies.!!

Endoscopic procedures, such as Intragastric Balloons (IB), Endo-
Barrier System (EBS) and Endoscopic Sleeve Gastroplasty (ESG) are
minimally invasive options, showing promising results in terms of
weight loss, but to a lesser extent when compared to MBS.1%12

Notably, although the efficacy of OMM, MBS and endoscopic
procedures has been widely demonstrated, patients can experience
suboptimal weight responses after all three treatment modalities.®
Thus, there is increasing evidence that these options, if used alone,
may not be sufficient to effectively achieve and maintain an appropri-
ate body weight loss and/or control obesity-related medical condi-
tions.* Especially if one considers that weight loss should not be the
only parameter to indicate the efficacy of any anti-obesity treatment
strategy. Instead, long-term weight-loss outcomes, glycaemic control,
remission of obesity-related medical conditions and quality of life
must also be considered.

All the above-mentioned considerations highlight the need for a
multimodal treatment of obesity. Unfortunately, very few studies
have assessed the efficacy and safety of concomitant interventions
(i.e., extensive lifestyle interventions, pharmacological therapy, endo-
scopic procedures and MBS) for obesity management.*>"*” In addi-
tion, there are many randomized controlled trials (RCT) assessing the
long-term outcomes of a single surgical procedure without including
the standard preoperative guidance programme—an additional struc-
tured lifestyle intervention.*>8

Several systematic reviews and meta-analyses evaluating adjunc-
tive therapy options with bariatric surgery have been published in
recent years. However, they included RCTs not fulfilling our inclusion
criteria (i.e., (i) RCTs on multimodal therapy only in patients with either
recurrent weight gain or suboptimal weight loss,* (i) using non-
preplanned additional strategies to MBS,2%2 (jii) adjunctive therapies
before performing MBS (i.e., not on multimodal therapy)?? or
(iv) including also RCTs comparing MBS with LS1.2®

The International Federation for Surgery of Obesity and Meta-
bolic Disorders-European Chapter (IFSO-EC) recognized the need to
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develop rigorous guidelines aimed at further improving healthcare
professionals' awareness of the importance of a ‘multimodal
approach (from the early phase of preoperative assessment and surgi-
cal optimization) for the treatment of obesity and associated medical
problems in patients undergoing MBS.

The aim of this systematic review and meta-analysis was there-
fore to assess the efficacy and safety of MBS in addition to at least
one other treatment for obesity (i.e., structured lifestyle intervention,
pharmacological treatment or endoscopic bariatric procedures) in
patients with BMI 230 Kg/m? and indication for MBS in trials with a
follow-up of at least 26 weeks.

2 | MATERIALS AND METHODS

This meta-analysis was designed following the criteria of the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement?®* and was developed in order to address three
clinical questions, using the PICO conceptual framework
(i.e., Population, Intervention, Comparison and Outcome).

The following three PICOs have been developed for assessing the

efficacy and safety of MBS in addition to other strategies:

1. In patients with BMI 230 kg/m2 and an indication for MBS, is a
pre- and/or post-treatment with extensive structured lifestyle
interventions preferable to MBS alone for the treatment of
obesity?

2. In patients with BMI 230 kg/m? and an indication for MBS, is a
pre- and/or post-treatment with approved OMM preferable to
bariatric and metabolic surgery alone for the treatment of obesity?

3. In patients with BMI 230 kg/m? and an indication for MBS, is a
pre- and/or post-treatment with endoscopic bariatric procedures

preferable to MBS alone for the treatment of obesity?

2.1 | Search strategy and selection criteria

This meta-analysis is part of a wider meta-analysis of RCTs on meta-
bolic surgery, obesity and diabetes!**? uploaded on PROSPERO
(http://www.crd.york.ac.uk/PROSPERO, #160359) previously con-
ducted for the development of GRADE-based methodology Italian
Guidelines for the metabolic and bariatric surgical treatment of obe-
sity (Societa Italiana di Chirurgia dell'Obesita e delle malattie metabo-
liche -SICOB)?® and updated up to 1 June 2024. Briefly, the present
analysis includes all RCTs enrolling patients affected by obesity under-
going different MBS procedures (AGB, SG, RYGB, OAGB, SADI-S,
VBG, BPD and GCP) in addition to other anti-obesity strategies
(extensive lifestyle interventions—LSI, OMM or EP), with a duration of
at least 6 months. RCTs excluded were on either recurrent weight
gain (WR) or insufficient weight loss (IWL) after MBS unless the use
of LSI or other obesity-management strategies was preplanned for all
included patients (not only for those with suboptimal clinical

response). RCTs not including MBS as one of the possible obesity-

management strategies were also excluded. For obesity management
medications, only RCTs adopting approved doses for the treatment of
obesity (e.g., liraglutide [3.0 mg], semaglutide [2.4 mg] or tirzepatide
[10-15 mg]) have been included.

A Medline and Embase search was performed using the following
keywords: obesity AND (surgery OR AGB OR SG OR RYGB OR
OAGB OR SADI-S OR VBG OR BPD OR GCP) AND (orlistat OR phen-
termine OR topiramate OR lorcaserin OR naltrexone OR bupropion
OR liraglutide OR semaglutide OR tirzepatide OR Intragastric Balloon
OR EndoBarrier System OR Endoscopic Sleeve Gastroplasty). Detailed
information on the search strategy is reported in Table S1. Studies in
the English language published elsewhere (i.e., conference abstracts,
abstracts of dissertations for university degrees) were not included.

22 |
to MBS

Possible interventions as add-on therapy

Lifestyle intervention: Any structured intervention more than the stan-
dard guidance programme of MBS, maintained for all the study period.
Programmes should include at least one of the following items: dietary
intake, physical activity, healthy eating behaviour, psychological guidance
or a combination to be considered structured lifestyle interventions.

Drugs: Orlistat or phentermine plus topiramate or lorcaserin or
naltrexone plus bupropion or liraglutide (3.0 mg) or semaglutide
(2.4 mg), or tirzepatide (10-15 mg).

Endoscopic bariatric procedures: Intragastric Balloons (IB), Endo-
Barrier System (EBS) and Endoscopic Sleeve Gastroplasty (ESG).

2.3 | Data extraction

Summary estimates of the variables of interest at end-point(i.e., BMI),
percentage of Excess Body Weight Lost (EBWL%), Fasting Plasma
Glucose (FPG), Glycated Haemoglobin (HbA1c), surgical and non-
surgical Serious Adverse Events (SAE), complete and partial type 2 dia-
betes mellitus (T2DM) remission, hypertension and dyslipidemia
remission were defined following the American Diabetes Association
‘Standards of Medical Care in Diabetes’,?® Remission of OSAS,
defined as continuous positive airway pressure(CPAP) discontinua-
tion, was taken into consideration only where crearly reported in the
main manuscripts retrieved. Data extraction was performed indepen-
dently by two of the authors (B.R., G.B), and conflicts were resolved
by a third investigator (M.M.).

The information collected for each trial is summarized in
Table 2S.

The risk of bias was assessed using the Cochrane recommended
tool to assess the risk of bias in RCTs.?” The risk of bias was described
and assessed in seven specific domains: random sequence generation,
allocation concealment, blinding of participants and personnel, blind-
ing of outcome assessment, incomplete outcome data, selective
reporting and other biases. The results of these domains were graded

as low, high or uncertain risk of bias.
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BMS + other interventions BMS alone Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDEFG
34.34.1 BMS+Liraglutide
Thakur 2021 307 4 12321 3 11 202%  -1.40[-4.27,1.47) — POROOC®
Hany 2024 27.2 57 40 282 47 40 46.0% -1.00(-3.29,1.29] —-— 770909000
Subtotal (95% CI) 52 51 752% -1.16[-2.95,0.64] i
Heterogeneity: Tau®= 0.00; Chi*= 0.05, df=1 (P = 0.83), F=0%
Testfor overall effect: Z=1.26 (P = 0.21)
34.34.3 BMS+IGB
Coffin 2017 473 65 55 507 103 60 248% -2.80(-592 032 — 00000600
Subtotal (95% CI) 55 60 24.8% -2.80[-5.92,0.32] ~caiilfiie—-
Heterogeneity: Not applicable
Test for overall effect. Z=1.76 (P = 0.08)
Total (95% CI) 107 111 100.0% -1.56 [-3.12,-0.01] -
Heterogeneity: Tau®= 0.00; Chi*= 0.85, df= 2 (P = 0.65); F=0% + t

Test for overall effect: Z=1.97 (P = 0.05)

Test for subgroup differences: Chi*= 0.80, df=1 (P = 0.37), F=0%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

FIGURE 1

ot

-10 -5 0 10
Favours [BMS + other interventions] Favours [BMS alone]

Effects of metabolic and bariatric surgery (MBS) as add-on therapy to other strategies (LSI: Life Style Interventions; OMMs:

Obesity Management Medications; Endoscopic bariatric procedures) in comparison with MBS alone on end-point BMI. GRADE evidence: ‘low’

for BMS + liraglutide and ‘very low’ for BMS + IGB (see Table 3S).

2.4 | Data analysis

The primary end-point was BMI, whereas secondary end-points
included TBWL, TBWL%, EBWL%, Fasting Plasma Glucose (FPG),
HbA1c, surgical and non-surgical Serious Adverse Events (SAE), mor-
tality, complete and partial T2DM remission, hypertension and dyslipi-
demia remission and quality of life (QoL). Mean and 95% Confidence
Intervals for continuous variables were calculated as standardized
mean differences; Mantel-Haenszel Odds Ratio (MH-OR) for categor-
ical variables were calculated using random effect models.

A pre-specified analysis on trials comparing MBS add-on to either
structured LSI or approved OMM, or endoscopic surgery, with trials
on MBS alone, was performed. A total of 16 RCTs were analysed. To
compare these two latter groups of trials, a ‘case-control’ design was
used, by matching with a 1:1 ratio RCTs performed assessing MBS in
adjuntion to other anti-obesity strategies with trials using MBS alone.
Matching parameters considered were: the same type of surgical
intervention, mean BMI at entry+2 Kg/m?, mean age at entry 5 years
and duration of treatment +6 months. Trials used as ‘control study’
were chosen among trials included in a previously published recent
meta-analysis.** A study can represent, whenever needed, the control
for more than one ‘case study’.

Statistical heterogeneity was assessed by |2 test, whereas Funnel
plots were used to detect publication bias for principal end-points
with at least 10 trials.

All analyses were performed using Review Manager (RevMan),
Version 5.3 (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014).

The GRADE methodology?® was used to assess the quality of the
body of retrieved evidence, using the GRADEpro GDT software
(GRADEpro Guideline Development Tool. McMaster University,
201 518. Available from gradepro.org).

3 | RESULTS

3.1 | Retrieved trials
The trial flow summary is reported in Figure 1S of Supporting Infor-
mation. The search of the Medline and Embase databases allowed the
identification of 325 items. After excluding 292 articles by reading
the titles and the abstracts, a further eight trials were excluded after
reviewing the full text. The remaining 25 trials fulfilling all the inclu-
sion criteria have been included in the main analysis.

The quality of studies was heterogeneous (Figure 2S of Support-

ing Information). All trials were open-label except four.}417:29%0 |n

17,31-38

several trials the allocation, blinding of assessors and attrition

rate were inadequately or not described.

3.2 | Trials specifically designed to assess the
effects of multiple anti-obesity interventions

15-17,29

Four trials used at least one further anti-obesity intervention

in addition to MBS in comparison with MBS alone. Three trials were

1617.29 and one IB.X> No trials assessing

performed using liraglutide
the effects of LS| add-on to MBS versus MBS alone have been
retrieved. The main characteristics of these trials are reported in

Table 2S of Supporting Information.

3.3 | Effects on body weight

d, 171729 except one?® which did not report

All the four trials include
mean end-point BMI + SD, provided information on BMI at the end-

point (primary end-point). The addition of either liraglutide or IGB was
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Bariatric surgery Control

Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Risk of Bias
ABCDEFG

Mean Difference
IV, Random, 95% CI

34.33.1 add-on to LSI
Verrastro 2023 207 43 77 308 41 79 92% -1.10[2.42,0.22) —
Pajecki 2023 33 34 18 348 38 18  83%  -1.80[4.16, 0.56) —
Svanevik 2023 303 54 54 324 53 55 8.6% -210[4.11,-0.09] —
Ikramuddin 2018 274 54 57 311 BT 56 8.4% -3.70[-5.85 -1.45) —
Liang 2013 245 8 31 286 76 70 73% -4.10[7.43,-0.77) —
Scozzari 2009 M7 45 51 373 45 43 8.8% -5.60[7.36,-3.84) —_

Dowsey 2022 365 65 41 425 66 41 8.0% -6.00[863-3.37) —_—
Cummings 2016 284 37 15 354 35 17 82% -7.00[-9.50,-4.50] —_—

Dixon 2008 295 27 30 366 25 30 92% -7.10[5.42,-5.79) —-
MacLaughlin 2014 281 34 5 362 28 6 7.1% -3.10[11.62,-4.59) —_—

Dixon 2012 33.4 6 30 416 49 30 7.9% -8.20[1097,-543] —_—

Schiavon 2020 26.8 4 50 364 4 50 9.0% -9.60[11.17,-8.03] —

Subtotal (95% CI) 459 501 100.0% -5.33[-7.14,-3.51] <>
Heterogeneity: Tau*= 8.85; Chi*= 104.28, df= 11 (P < 0.00001); F= 8%

Test for overall effect: Z= 5.76 (P < 0.00001)

34.33.2 not add-on to LSI

Nilsell 2001 326 38 30 27 54 28 82%  5.60[3.21,7.99) —
Keidar 2013 3.4 42 19 304 38 18 8.0%  1.00[1.58, 3.59) o
Keidar 2013 314 42 19 304 38 18 8.0%  1.00[1.58 3.59) -—
Catheline 2019 298 59 91 308 55 186 8.9%  -1.00[2.45,0.45] -
Feigel-Guiller 2015 422 88 22 435 122 24  45%  -1.30[7.70,5.10) —_—t
Ramon 2012 28 2 7 30 3 8 80% -2.00[4.55 055 —
Xiang 2018 322 28 44 353 29 44 91% -3.10[4.31,-1.89) -

Xiang 2018 322 29 44 353 29 44 91% -3.10[4.31,-1.89) -
Schauer 2017 204 34 100 34 3 50 8.2% -4.60[5.67,-3.53) -
Schauer 2017 204 34 100 34 3 50 9.2% -4.60[567,-3.53) -

Cohen 2020 243 21 51 312 18 43 93% -6.90[7.68 -6.12 -

Spaggiati 2021 363 13 11 461 26 9  8.6% -9.80[-11.66,-7.94] —

Subtotal (95% CI) 538 529 100.0% -2.58 [-4.45,-0.71] <&
Heterogeneity: Tau®= 9.62; Chi*= 205.86, df= 11 (P < 0.00001); F= 95%

Test for overall effect: Z= 2.71 (P = 0.007)

Testfor subgroup differences: Chi*= 4.27, df=1 (P =0.04), F=76.6%

40 5 0 5 10
Favours [Intervention] Favours [Control]

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

FIGURE 2
with MBS alone. GRADE evidence: ‘moderate’ (see Table 3S).

associated with a significantly lower BMI at the end of the study
(WMD: —1.59 [-3.15, —0.04] Kg/m?, p = 0.040, I? = 0%, with no sig-
nificant differences across groups; Figure 1). The evaluation of the qual-
ity of retrieved evidence for PICO 2 and 3 (primary end-point) was
‘low’ for BMS + liraglutide and ‘very low’ for BMS + IGB (Table 3S).

Information on TBWL'¢%° TBWL%'®'” and EBWL%'®'” was
available only for two trials all performed with liraglutide. The addition
of liraglutide to MBS was associated with a greater EBWL%, but not
TBWL and TBWL%, with a (WMD of 9.06 [2.38, 15.74] %, p = 0.008,
1?: 52%:; Figure 3-5S of Supplementary Materials).

3.4 | Glucometabolic control and obesity-related
medical conditions

Only one trial reported information on FPG at the end-point without
significant differences between groups (WMD: —1.20 [-16.57,
14.17], p = 0.88). Three trials evaluated end-point HbA1c, showing a
significant reduction in favour of liraglutide add-on to MBS when

Effects of the addition of Life Style Interventions (LSI) to MBS on end-point BMI in comparison with matched trials performed

compared to MBS alone (WMD: —0.48 [-0.83, —0.13] %, p = 0.007,
12: 0%; Figure 6S of Supplementary Materials). Two trials reported

1617.29 with no effect of

information on complete T2DM remission
combined therapy on this end-point (MH-OR (in favour of combined
therapy): 1.29 [0.11, 15.51], p = 0.84, 1% 24%; Figure 7S of Supple-
mentary Materials). One, two and three studies (all analysing liraglu-
reported OSAS,

dyslipidemia remission rates, respectively. The combined therapy

tide as add-on therapy) hypertension and
compared to MBS alone did not provide any significant advantages in
terms of obesity-related medical conditions remission (Figures 8-10S

of Supplementary Materials).

35 |
events

All-cause mortality and serious adverse

No deaths were reported among included trials.*>=72? Only one peri-
procedural SAE was reported in one trial in the interventional arm.*®
No other SAEs during follow-up were recorded.
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3.6 | Quality of life

Out of the four available trials, three¢2?

reported measures of
QolL. Different tools were used for QoL assessment: Short Form
Health Survey-12 (SF-12)*°; Impact of Weight on Quality of Life
questionnaire (IWQOL)*>?° and Bariatric Analysis and Reporting
Outcome System (BAROS).'® Heterogeneity of instruments and
reporting did not allow any formal meta-analysis. However, by
considering individual studies, measures of QoL did not show any
significant difference between combined therapies and MBS

alone.

3.7 | Case-control study on trials adopting either
multiple interventions or MBS alone

A preplanned sensitivity analysis?® was carried out to assess the
effects of the addition of other anti-obesity interventions to MBS
(combined therapy) in a ‘case-control’ modality. For the ‘case study’
we intended RCT comparing combined therapy either with LSI or pla-
cebo (i.e., MBS add-on to LS| vs. LSl or MBS add-on to an OMM
vs. LSI/Placebo or MBS add-on to endobariatric treatments
vs. LSI/Placebo) and reporting data on BMI at the end-point. Studies
labelled as ‘control’ are RCTs matched with the case study for the
type of MBS procedure employed (the same), mean age, BMI at entry
and duration of follow-up (as for traditional nested case-control
study) as reported in detail in the Method section.

We retrieved 12 studies performed with several types of MBS in

[30:31:35-44 yersus LS| alone (no trials with

addition to a structured LS
other anti-obesity strategies have been retrieved); these latter trials
were matched with 12 control RCTs performed without any struc-
tured LSI in addition to MBS. Three trials*>~*” have been selected as
control each for two case studies, due to the lack of suitable control

trials fulfilling all the matching criteria selected.

3.8 | Weight loss outcomes
Main characteristics of the 12 ‘cases’ and the nine ‘control trials’ are
reported in Table 2S of Supporting Information.

The addition of LSI to MBS was associated with a statistically sig-
nificant greater reduction of end-point BMI (p for interaction: 0.040;
Figure 2) in comparison with trials using MBS without LSI. The evalua-
tion of the quality of retrieved evidence for PICO 1 (primary end-
point) was ‘moderate’ (Table 3S).

Information regarding TBWL has been reported by seven case
trials and five control studies. Combined therapy with LSI was asso-
ciated with higher values of TBWL when compared to RCTs per-
formed with MBS alone (Figure 11S of Supplementary Materials).
Similar figures have been observed both for TBWL% (#trials: 6) and
EWBL% (#trials: 6), despite not achieving any statistically signifi-
cant between-group differences (Figures 12S and 13S of Supple-
mentary Materials).

3.9 | Glucometabolic control and associated
obesity-related complications

Only four trials reported information on end-point FPG, showing a
statistically significant reduction in favour of the addition of LSI to
MBS (p for interaction = 0.040; Figure 14S of Supplementary
Materials).

Eight trials evaluated end-point HbA1c, showing a non-significant
difference between the two groups of RCTs (Figure 15S of Supple-
mentary Materials).

Only six trials reported information on complete T2DM remission.
The addition of LSI to MBS, when compared to LSI alone, was associ-
ated with a significantly higher rate of T2DM remission (p for interac-
tion: 0.008, 1% 85%; Figure 165 of Supplementary Materials).

No formal analyses could be performed for OSAS, HTN and DL
remission rates due to the scarcely reported remission rates of these

obesity-related medical conditions.

3.10 | All-cause mortality and serious adverse
events (SAEs)

Only a few, both periprocedural and overall (during follow-up), deaths
were reported among included trials, not allowing any reliable ana-
lyses (data not shown). No differences were observed between
groups for both periprocedural and overall SAE (Figures 175 and 185
of Supplementary Materials).

4 | DISCUSSION

Obesity has become a global public healthcare concern. Several stud-
ies have shown that obesity is a major contributor to the risk of an
expanding group of debilitating diseases, such as T2DM, heart failure,
hormonal and non-hormonal cancers, end-stage liver and kidney dis-
ease and osteoarthritis.!

Available weight loss options based on LS| alone often fail to
attain sustainable results and usually require adjunctive approaches,
such as OMM and MBS.2? The efficacy of MBS in terms of weight
loss and obesity-related medical conditions has been demonstrated by
several trials and meta-analyses.*®>° However, few authors have
assessed the effectiveness of combining more than one anti-obesity
strategy.

As previously stated in the Introduction, in literature, there are
multiple systematic reviews and meta-analyses evaluating adjunctive
therapy options with bariatric surgery. However, they did not include
studies assessing the effect of preplanned multimodal strategies, but
only RCTs adopting additional treatment in patients failing to MBS*?
or as bridging therapy.??

Considering one of the most recently published meta-analyses of
RCTs'? including 65 studies, only a limited fraction reported
structured lifestyle interventions as add-on therapy to MBS. In this

meta-analysis,’* many of the included trials compared different
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surgical procedures with LSI, as the latter was an alternative therapy
to MBS.!! Similar considerations can also be made for the combina-
tion of MBS with either OMM or endoscopic bariatric interventions.
Only a few studies explored the efficacy of ‘multimodal’ strategies
with non-surgical approaches in obese patients with surgical indica-
tion.2>"172? The above assumptions can be explained by the fact that
insufficient evidence is available to conclude to what extent changes
in BMI are related to improving health outcomes in the context
of MBS.

Very few studies were designed to assess the addition of either
OMM or IB to MBS. The present meta-analysis shows that adding
either liraglutide or IB to MBS versus MBS alone is associated with an
overall higher reduction in BMI and EBWL%. The paucity of retrieved
studies did not allow any reliable subgroup analyses for OMM and IB,
which did not achieve statistical significance when analysed sepa-
rately, easily explainable by underpowered analyses. Moreover, the
retrieval of a scarce number of RCTs strongly limits the strength of
recommending either pharmacological or endoscopic treatment in
conjunction with MBS. Speculatively, for the same reason, the com-
bined therapy did not provide any significant advantage in terms of
obesity-related medical conditions remission and glucometabolic
control.

More interestingly, we did not retrieve any RCT comparing LSI
add-on to MBS to MBS alone, preventing any direct evidence on the
effectiveness of maintaining LS| even among patients undergoing
MBS. To overcome this lack of evidence, we decided to perform a
‘case-control meta-analysis’ by matching, with a 1:1 ratio, RCTs per-
formed using MBS in addition to LS| with trials using MBS alone.”!
RCTs adopting LSI together with MBS were associated with a statisti-
cally significant greater reduction of endpoint BMI, higher values of
TBWL and lower end-point FPG levels, with no increase of SAE in
comparison with RCTs using MBS alone; this could be related to the
additional improvement in impaired physical function, cardiovascular
fitness and mobility impairments intrinsically associated with obesity.
A main limitation of this new statistical ‘artefact’ that we have called
‘case-control meta-analysis’ is the comparison of RCTs with similar
but not identical characteristics. However, the comparison between
the matching parameters between the two datasets of RCTs did not
highlight any statistically significant differences.

Several other limitations should be acknowledged when interpret-
ing the results reported by our meta-analysis. The main limitation is
represented by the paucity of retrieved studies (with limited follow-
up period) comparing MBS in conjunction with other anti-obesity
strategies to MBS alone. Despite some of the assessed end-points
reaching statistical significance, the limited number of studies, their
heterogeneity and the low number of included patients limited the
reliability of this analysis. Moreover, only one study on endobariatric
procedures was retrieved (i.e., IB), preventing any reliable conclusions;
moreover, it cannot be ruled out that other EP can be more effective.
Another crucial point is represented by the retrieval of few studies on
OMMs in conjunction with MBS, all performed with a relatively out-
dated drug (i.e., liraglutide). Other newer molecules have shown

greater efficacy in reducing weight and obesity-related medical

conditions, such as semaglutide and tirzepatide.””” It can be specu-
lated that the use of these newer OMMs could provide better results
in terms of weight-loss outcomes, but, nowadays, no sufficient
patient-level data are available. Moreover, these newer drugs have
been demonstrated to have a greater efficacy on glycaemic control,
metabolic-associated fatty liver disease (MAFLD), and OSAS remis-
sion; therefore, they could also have favourable outcomes not
observed with liraglutide.””” Not to mention, since various postulated
mechanisms of weight loss associated with both MBS and OMMs are
complex and multifactorial, adding further evidence for clinicians in
counselling a possible role of adjunctive OMM strategy to MBS to
reach a higher sustained and efficient weight-lowering effect is man-
datory, taking into consideration the combination of their different
biological effects and impact on humoral and enteroendocrine signal-
ling. The quality of trials is not homogeneous, possibly introducing
publication bias. The open-label design, which is inevitable when com-
paring surgical and non-surgical strategies (see case-control analyses),
could produce a bias due to a possible placebo effect of surgery. Fur-
thermore, in some of the included trials, the number of patients lost at
follow-up was significant. Despite no differences in terms of rates of
patients lost at follow-up between MBS and LSI groups having been
observed, this limitation could reduce the reliability of the final results.
The included RCTs evaluating combined treatment to MBS alone
were small, with limited follow-up time. While some studies report
promising results during the initial weight-loss phase, more and larger
studies with longer follow-up times are necessary to evaluate nadir
weight loss and weight regain. One study reports non-inferior weight
loss without using GLP-1RA during 12 months follow-up.2® The aim
of our work is not to establish whether a specific surgical treatment is
superior to the same intervention combined with others, but to high-
light the importance and paramount role of multimodal strategies to
provide healthcare professionals with the most reliable and feasible
options in the obesity armamentarium and how to combine them for
the most effective tailored therapy. Finally, the reliability of a meta-
analysis is often limited by heterogeneity, which suggests that the
observed effect of a treatment may differ since it is affected by the
design of the parental trials. Heterogeneity could represent a
major limitation of any meta-analysis unless underlying mechanisms
are identified. In the present meta-analysis, no attempts to explore
possible sources of heterogeneity have been performed due to the
paucity of retrieved studies. However, the number of studies on this
area is still scarce, and most of them did not evaluate obesity manage-
ment options as a part of a preplanned strategy. The publication of
further large-scale trials on MBS added to other anti-obesity strate-
gies would, therefore, be mandatory for better clarifying the role of
multimodal treatments of overweight and obesity in surgical patients.
Further research should focus on examining the long-term effect of
novel incretin-based obesity medications agonists (i.e., tirzepatide,
GLP-1/GIP receptor agonists) compared with MBS to enhance appro-
priate patient counselling and perioperative planning, taking into con-
sideration the newly published definition of Clinical Obesity by the
Lancet Commission and possible adipocyte subtype-specific

responses involved in the complex pathophysiology and classification
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of obesity.>? Nevertheless, future large RCTs should represent the
stepping stone for science-based health counselling guiding tailored

combination protocols for patients affected by obesity.

5 | CONCLUSIONS

The results obtained in the present analysis highlight the potential of
adding specific lifestyle interventions to MBS. Of all available add-on
therapies, OMM appears to represent the most promising approach in
cases of a suboptimal clinical response after MBS. Moreover, particu-
larly for those patients who do not achieve sustained T2DM control
after MBS or experience weight recurrence, optimization with newer,
more efficacious pharmacological treatment options (i.e., tirzepatide,
semaglutide) might be required. Therefore, further RCTs exploring the
impact on long-term weight loss with a combined use of bariatric sur-
gery and newer GLP-1 receptor agonists are necessary. Nevertheless,
the use of GLP-1 receptor agonists among patients experiencing weight
recurrence following MBS is another area requiring further research.
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