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ABSTRACT

Objective: This review compared antiobesity strategies—obesity management medications (OMM), endoscopic bariatric proce-
dures (EBP), and metabolic bariatric surgery (MBS)—with lifestyle intervention, placebo, or no therapy (LSI/Pbo/NT).
Methods: This network meta-analysis included randomized clinical trials comparing OMM, EBP, and MBS versus LSI/Pbo/
NT or active comparators in adults with obesity. MEDLINE and Embase were searched up to December 1, 2024. The primary
endpoint was total body weight loss percentage (TBWL%), analyzed at 26-52, 53-104, 105-156, and >156 weeks. This study was
registered with PROSPERO (CRD42024623707).

Results: Of 139 RCTs, 54 evaluated MBS (n=61,961), 21 EBP (n=2934), and 64 OMM (n=5991). At 26-52weeks, most treat-
ments showed significant effects versus the reference. TBWL% exceeded 10% with most surgeries and tirzepatide. Long-term data
were lacking for most OMM and all EBP. Most treatments maintained their efficacy over time, except greater curvature plication.
EBP and MBS were generally associated with a higher SAE risk than OMM; BPD showed the highest long-term SAE incidence.
Conclusions: MBS appears superior in the long term (particularly for higher-efficacy procedures, such as RYGB, SG, SADI, and
BPD). EBP, except ESG, was less effective than newer OMM. Semaglutide and tirzepatide showed no inferior short-term results
in comparison with MBS.

1 | Introduction balance [2], represents a complex challenge for all health care

professionals involved in this field. Unless combined with other
Obesity is a growing public health issue worldwide because of its treatments, lifestyle interventions (LSIs) have limited long-
increasing prevalence and impact on metabolic and cardiovas- term efficacy [3, 4] and require relevant health care resources
cular diseases, cancer, and overall mortality [1]. The treatment [5]. Current guidelines suggest that, at least in a fraction of peo-
of obesity, which requires a long-term modification of energy ple with obesity, LSIs (i.e., structured dietary approaches and
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Study Importance

« What is already known?

o Obesity has emerged as a global health crisis and
is associated with numerous chronic diseases. The
development of pharmacological, endoscopic, and
surgical research has led to the discovery of novel
treatments in recent years, providing clinicians
with a relatively wide range of therapeutic options.
However, the availability of randomized controlled
trials directly comparing different pharmacologic
approaches, other than lifestyle interventions, is still
limited.

« What does this review add?

o This network meta-analysis (NMA), providing in-
direct comparisons of efficacy and safety, can be of
help in guiding physicians’ choices. Several NMA
studies on different therapeutic options for obesity
were recently published; however, they were limited
to either MBS or OMMs. Moreover, NMA studies on
OMMs did not include the most recently approved
agent, tirzepatide.

« How might these results change the direction of re-
search or the focus of clinical practice?

o This NMA enables health care practitioners and
professionals involved in obesity management to
have a complete picture of the efficacy and safety
of available European Medicines Agency and Food
and Drug Administration—approved treatment op-
tions, with data from the highest level of evidence
during the selection process.

structured prescription of physical exercise) can be combined
with either obesity management medications (OMMs) or meta-
bolic bariatric surgery (MBS) [6-9].

The development of pharmacological, endoscopic, and surgical
research has led to the discovery of novel treatments in recent
years, providing clinicians with a relatively wide range of ther-
apeutic options [10]. However, the availability of randomized
controlled trials (RCTs) directly comparing different OMMs,
other than LSIs, is still limited. In particular, there are very few
studies comparing OMMs with MBS. A network meta-analysis
(NMA), providing indirect comparisons of efficacy and safety,
can therefore be of help in guiding physicians' choices. Several
NMA studies on different therapeutic options for obesity were
recently published; however, they were limited to either MBS
[11] or OMMs [12]. Moreover, NMA studies on OMMs did not
include the most recently approved agent, tirzepatide [12, 13],
whereas one of them [12] analyzed molecules that have never
been approved by regulatory authorities for treating obesity,
being marketed for other indications.

The main objective of the following NMA is to provide health
care practitioners and professionals involved in obesity man-
agement with a complete picture of the efficacy and safety of
available European Medicines Agency (EMA) and Food and
Drug Administration (FDA)-approved treatment options, with
data from the highest level of evidence during the selection
process.

2 | Methods

The meta-analysis has been reported following the criteria of
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [14] (Table S1).

2.1 | Search Strategy and Selection Criteria

The protocol of the present meta-analysis and NMA was
published on the PROSPERO website (https://www.crd.
york.ac.uk/prospero/#recordDetails, registration number:
CRD42024623707). NMA is a statistical approach that simul-
taneously compares multiple treatments by integrating direct
and indirect evidence across a network of studies. It enables
the ranking of interventions and often yields more precise es-
timates than traditional pairwise meta-analyses. The pres-
ent analysis included all RCTs enrolling patients with obesity
(body mass index [BMI] > 27 kg/m?), comparing different either
EMA-approved OMMs and/or FDA-approved OMMs and sur-
gical interventions (MBS and endoscopic bariatric procedures
[EBP]) versus LSI/placebo or no intervention or comparing
two different active treatments. To be included in the analyses,
RCTs should have a minimum follow-up (for MBS)/treatment
(for OMMs) of 52weeks, except for EBP, for which a follow-up/
treatment period of 6 months was considered. A MEDLINE and
Embase search was performed up to December 1, 2024. The
search was conducted using a combination of subject terms and
free terms. The subject terms included “obesity or overweight”
AND “orlistat OR phentermine OR topiramate OR naltrexone
OR bupropion OR liraglutide OR semaglutide OR tirzepatide
OR sleeve gastrectomy OR Roux-en-Y gastric bypass OR one-
anastomosis gastric bypass OR laparoscopic adjustable gastric
banding OR biliopancreatic diversion OR single anastomosis
duodenal-ileal bypass OR intragastric balloon OR primary obe-
sity surgery endoluminal OR endoscopic sleeve gastroplasty”
and “randomized controlled trial.” References in other relevant
articles and gray literature were manually searched to pinpoint
studies that met the criteria. Detailed information on the search
strategy and keywords used is reported in Table S2. Animal
studies were excluded, whereas no language or date restriction
was imposed.

Duplicate records were removed with EndNote X9 (Clarivate
Analytics). Teams of paired reviewers independently used
EndNote X9 to screen titles and abstracts, then full-text man-
uscripts, and extracted data on studies fulfilling inclusion and
exclusion criteria.

2.2 | Interventions Assessed

OMMs: Orlistat (360mg), phentermine (15mg), ephedrine
plus caffeine (75/150mg), phentermine plus topiramate (PT,
15/92mg), naltrexone plus bupropion (NB, 32/360mg), liraglu-
tide (3.0mg), semaglutide (2.4mg), and tirzepatide (10-15mg)
versus placebo/none or active comparators.

MBS: Sleeve gastrectomy (SG), Roux-en-Y gastric bypass (RYGB),
one-anastomosis gastric bypass (OAGB), laparoscopic adjustable
gastric banding (LAGB), biliopancreatic diversion (BPD), single
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anastomosis duodenal-ileal bypass (SADI), and greater curva-
ture plication (GCP) versus placebo/none or active comparators.

EBP: Intragastric balloon (IGB), primary obesity surgery
endoluminal (POSE), endoscopic sleeve astroplasty (ESG),
and aspiration therapy (AT) versus placebo/none or active
comparators.

2.3 | Data Extraction

Information on the baseline characteristics of the samples en-
rolled (age, gender, proportion of people with diabetes, baseline
BMI), total body weight loss (TBWL%), quality of life (QoL),
serious adverse events (SAE), and all-cause mortality were ex-
tracted from the principal publication, when available (Table S3
reports a detailed list). The weight loss outcome was reported
in TBWL%, =[(weight at the time of study inclusion)— (postop
weight)]/[(weight at the time of study inclusion)] 100.

Whenever needed, secondary publications and the ClinicalTr
ials.gov registry were used to retrieve missing information in
the hierarchical order reported earlier. Clinically meaningful
weight loss was defined as achieving >10% TBWL from base-
line. For each trial, TBWL% was extracted at 52weeks and at
the last available time point between 53 and 104 weeks, 105 and
156 weeks, and after 156 weeks. Two authors performed data ex-
traction independently (B.R., A.B.), and conflicts were resolved
by a third investigator (M.M.). Both intention-to-treat (ITT) and
per-protocol (PP) analyses were performed.

The risk of bias (RoB) was assessed using the Cochrane recom-
mended tool to determine the RoB in RCTs [15]. The RoB was
described and evaluated in seven specific domains: random
sequence generation, allocation concealment, blinding of par-
ticipants and personnel, blinding of outcome assessment, in-
complete outcome data, selective reporting, and other biases.
The results of these domains were graded as “low” RoB, “high”
RoOB, or “uncertain” RoB. Two researchers (A.B. and B.R.) inde-
pendently assessed the RoB in individual studies, with discrep-
ancies resolved by a third researcher (M.M.).

Random-effects NMA was employed using a frequentist ap-
proach and a consistency model for benefit outcomes. Transitivity
and coherence were assessed using meta-regressions and global
and local coherence tests. Statistical analyses were completed,
including homogeneity tests, sensitivity analysis, transitivity
tests, consistency tests, and publication bias. H values >3 are
considered.

2.4 | Data Analysis

The principal endpoint was TBWL%; secondary endpoints were
QoL, SAE (an event is defined as serious when it results in death,
is life-threatening, requires inpatient hospitalization or extends
a current hospital stay, results in an ongoing or significant in-
capacity or interferes substantially with normal life functions,
or causes a congenital anomaly or birth defect; https://clini
caltrials.gov/study-basics/glossary), and all-cause mortality.
The primary endpoint was analyzed at different time points:

26-52 (up to 1year), 53-104 (1-2years), 105-156 (2-3years), and
>156 (>3years) weeks. Secondary endpoints (usually reported
at the end of the study) were analyzed separately in trials with
a duration of 26-52 (up to 1lyear), 53-104 (1-2years), 105-156
(2-3years), and > 156 (>3years) weeks.

2.5 | Statistical Analyses

Mean and 95% confidence intervals (95% CIs) for continuous
variables and Mantel-Haenszel odds ratios (MH-OR) for cate-
gorical variables were calculated using random-effect models.
When data were reported as least-squares mean and standard
error (SE), standard deviation (SD) was obtained for each group
using the following formula: SD = \/(number of patients)*(CI
upper limit—CI lower limit)/3.92 and SD=y/(number of pa-
tients)*SE, respectively (http://handbook-5-1.cochrane.org/
chapter_7/7_7_3_2_obtaining_standard_deviations_from_

standard_errors_and.htm).

Several prespecified subgroup analyses were performed for the
following baseline variables: different types of antiobesity strat-
egies (i.e., surgical and endoscopic procedures and OMMs), BMI
categories (mean BMI at the enrollment <30, 30-34.9, 35-39.9,
and >40kg/m?), and type 2 diabetes mellitus (T2DM; yes: RCTs
enrolling at least 75% of patients with diabetes; no: RCTs en-
rolling no more than 25% of patients with T2DM). Traditional
meta-analyses were performed for all the placebo- and active-
controlled trial endpoints. Heterogeneity was assessed by using
I? statistics. A random-effects model was applied for all the anal-
yses reported.

2.6 | NMA Elements

NMA [16] was performed for all outcomes to verify differences
across individual antiobesity strategies concerning their effects
on primary and secondary endpoints. These analyses enable in-
direct comparisons when direct trials are unavailable, by utiliz-
ing differences from standard comparators and then combining
direct and indirect comparisons to obtain a final effects esti-
mate. The reference category was LSI/none/placebo (considered
unique).

NMA was performed within a pairwise modeling (GPM) frame-
work using three different software programs: Metainsight
version 6.0.0 (https://crsu-metainsight.le.ac.uk/Metalnsight/),
MetaXL (www.epigear.com), and CINeMA (https://cinema.ispm.
unibe.ch/#).

2.6.1 | Assessment Network Geometry

The graphical representation of the geometry of all networks
of interventions was depicted using diagrams that allowed
for the representation of whether information comparing
each pair of interventions came from direct evidence (i.e.,
studies comparing two interventions head-to-head against
one another), indirect evidence (i.e., studies comparing two
interventions through a common comparator, called refer-
ence category), or both (combination of direct and indirect
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evidence for estimating the relative effect of pairs of interven-
tions across a network of interventions). All diagrams were
composed of nodes (i.e., circles representing each intervention
included in NMA) and links (i.e., lines connecting two nodes).
A link between two nodes indicates that there is direct evi-
dence for the comparison. Node size and edge thickness, as
well as colors, were used to represent different characteristics
of the network, including the number of studies comparing
two interventions, the number of participants in each compar-
ison, and the RoB. Multiarm studies (i.e., primary studies with
three or more arms comparing different interventions) were
reported for the primary endpoint.

2.6.2 | Assessment of Transitivity

When direct comparisons (i.e., no head-to-head comparisons)
are not available between two different interventions (A and B),
but each of those interventions has been compared against a
common intervention (i.e., A and B have been directly compared
to C), the indirect comparison is reliable and unbiased only if the
study characteristics (modifiers) of the direct comparisons are
not significantly different between the two direct comparisons
(i.e., A vs. C and B vs. C). We decided to use any type of “con-
trol group” (i.e., either placebo, LSI, or no intervention: “none”)
as the reference category for all analyses. Due to possible tran-
sitivity concerns, we explored several possible modifiers (i.e.,
baseline mean age, BMI, proportion of women, and participants
with diabetes) across the three different types of control groups.
In case of statistically significantly different study characteris-
tics across different comparisons, whenever possible, post hoc
subgroup analyses were performed considering placebo as the
reference category.

2.6.3 | Consistency Assessment

The level of statistical agreement between direct and indirect
evidence was assessed for the principal outcome to verify that
differences between direct and indirect estimates (used to cal-
culate NMA estimates) were trivial. Inconsistency was tested
within each comparison and with the notesplitting model for
all studies (Metainsight). H values were also calculated to
test consistency between direct and indirect evidence; an H
value <3 indicates minimal inconsistency in treatment effects
(MetaXL).

2.6.4 | Risk of Bias

The Risk of Bias in Network Meta-Analysis (RoB NMA) tool
was adopted to assess the RoB of each included comparison
(CINeMA). Whenever possible, we conducted sensitivity post
hoc analyses, excluding high-risk studies, to demonstrate the
robustness of NMA findings.

All other analyses were performed using Review Manager
(RevMan), version 5.3 (Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014) and SPSS version
25.0 (IBM, SPSS Inc.).

GRADE methodology [7] was used to assess the quality of the
body of retrieved evidence (individual studies) for the princi-
pal endpoint, using the GRADEpro GDT software (GRADEpro
Guideline Development Tool, McMaster University, 2015, avail-
able from https://www.gradepro.org/).

3 | Results
3.1 | Retrieved Trials

The trial flow summary is reported in Figure S1. The search of
MEDLINE and Embase databases allowed the identification of
3646 items. After excluding 1993 studies by reading the title and
the abstract, 14 trials were excluded when reviewing the full
text (Table S4). Of 139 trials fulfilling all inclusion criteria, 54,
21, and 64 trials on MBS, EBP, and OMMs were compared with
either LSI/no therapy/placebo or other active antiobesity strat-
egies. Some trials reported multiple comparisons [15, 17-21].
Therefore, the number of available comparisons was 150. The
numbers of patients enrolled were 61,961, 2934, and 5991 in tri-
als with OMMs, EBP, and MBS, respectively (Table S5).

The main characteristics of the included trials are reported in
Table S5. Only one study [22] reported a mean BMI at entry of
<30kg/m? and a further trial of subgroup analysis for the pri-
mary endpoint for different BMI categories [23].

The quality of studies was heterogeneous (Figure S2). All tri-
als on surgical and endoscopic procedures, except seven (11%)
[24-30], were open-label. In many trials, the attrition rate
and/or the description of allocation and blinding of assessors
were inadequate (Figures S2 and S3). Trials on OMMs were
more frequently double-blind (66%), with fewer trials with in-
adequate attrition and/or description of allocation or blinding
of assessors (29.3%).

3.2 | Meta-Analysis of Placebo-Controlled Trials

Out of 59 placebo-controlled trials, 52 reported information on
TBWL% (N =53,313 patients). No RCT was performed on MBS;
only 2 trials with IGB [24, 30] and 1 with POSE [28] were placebo-
controlled studies. The remaining 49 RCTs were all performed
with OMMs (Figure S4). Placebo-subtracted effects for any an-
tiobesity intervention included in the present meta-analysis are
reported in Figure 1. All investigated interventions determined
a significant weight loss compared to placebo (Figure S4).

3.3 | Meta-Analysis of Direct Head-to-Head
Comparisons

Only one head-to-head comparison between different OMMs
was retrieved (i.e., liraglutide vs. orlistat [17]), showing a greater
efficacy for liraglutide than for orlistat. Several trials compared
different types of MBS, showing that the efficacy of RYGB is
greater than that of GCP, LAGB, laparoscopic vertical banded
gastroplasty (LVGB), and SG, similar to OAGB, and statistically
inferior to BPD (Figure 1).
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Intervention

Orlis 3.0 | NA

NB 4.6 - NA

Liragl | 4.4 | 3.8 - NA

PT 8.9 - - - NA

Sema | 10.7 = = = = NA

g

Tirzep | 15.6 - - - - - NA

IGB 3.5 - - - - - - NA

DJBL - - - - - - - - NA

POSE | 3.5 - - - - - - - - NA

AT - - - - - - - - - - NA

ESG - - - - - - - - - - - NA

GCP - - - - - - - - - - - - NA

LAGB - - - - - - - - - - - - - NA

LVBG - - - - - - - - - - - - - - NA

SG - - - - - - - - - - - - - - - NA

RYGB - - - - - - - - - - - - 125 | 115 | 51 | 51 NA

OAGB - - - - - - - - - - - - 24 - - 58 | 033 | NA

SADI - - - - - - - - - - - - - - - - - - NA

BPD - - - - - - - - - - - - 3.9 - - - 7.9 - 1.5 NA

vs. Pbo | Orlis | NB | Lirag | PT | Sema | Tirzep | IGB | DJBL | POS | AT | ESG | GCP | LAG | LVB | SG | RYG | OAG | SADI | BPD
g E B G B B

FIGURE 1 | Effects of each antiobesity strategy on TBWL% at the endpoint in placebo- and active-controlled trials. A positive value means an
effect favoring the intervention in the first column. Significant results are reported in bold characters. For details, see Figure S4. AT, aspiration
therapy; BPD, biliopancreatic diversion; DJBL, duodenal jejunal bypass liner; ESG, endoscopic sleeve gastroplasty; GCP, greater curvature plication
gastric; IGB, intragastric balloon; LAGB, laparoscopic adjustable gastric banding; Lirag, liraglutide; LVGB, laparoscopic vertical banded gastroplasty;
NA, not applicable; NB, naltrexone/bupropion; OAGB, one-anastomosis gastric bypass; Orlis, orlistat; Pbo, placebo; POSE, primary obesity surgery
endoluminal; PT, phentermine/topiramate; RYGB: Roux-en-Y gastric bypass; SADI, single anastomosis duodenal switch; Semag, semaglutide; SG,

sleeve gastrectomy; Tirzep, tirzepatide.

3.4 | NMA: OMMs, MBS, and EBP Versus LSI/
Placebo/No Therapy

Figure 2 illustrates the graphical representation of the geom-
etry of all networks of interventions at each time point, while
Figure 3 and Table 1 present the efficacy results from NMA on
weight loss at various time points.

3.41 | Primary Endpoint
3.4.1.1 | AtDifferent Time Points

3.4.1.1.1 | 26-52Weeks. Table S6 shows the principal
characteristics of NMA at 26-52weeks, with information on
the number of interventions, studies, patients included, pairwise
comparisons with direct data, and multiarm studies.

At 26-52weeks (N=095 studies), all treatments showed a sig-
nificant effect versus reference (LSI/none/placebo), except
POSE surgery and LAGB. The estimated TBWL% was greater
than 10% for most surgical procedures and tirzepatide. Funnel
plot visual analysis did not suggest any relevant publication
bias. Direct and indirect estimates are reported in Table S6.
Figure 3, Figure S6, and Table S7 show no overall evidence of
inconsistency (H=1.07), with the notable exception of LAGB
(Figure S6 and Table S7).

Since transitivity concerns in adopting this heterogeneous ref-
erence category (i.e., LSI/none/placebo) cannot be completely
ruled out, we explored several possible modifiers across the
three different types of control groups. The mean age, mean
BMI, proportion of women, and trials enrolling participants
with diabetes were 45years, 36 kg/m?, 73%, and 57% for trials
versus LSI, 44.9years, 37.6 kg/m?, 70%, and 44% for trials ver-
sus no intervention, and 50years, 36 kg/m?, 67%, and 41% for
placebo-controlled trials (all p > 0.20, with the exception of age:
p=0.004). Since it was not possible to assume the populations
included in the three comparator groups (i.e., LSI, no interven-
tion, and placebo) as homogeneous, we decided to perform a
sensitivity post hoc NMA considering the placebo group as the
reference category. When considering placebo as the reference
category, non-pharmacological (i.e., MBS and EBP) treatments
showed, on average, a trend toward lower reduction of TBWL%
in comparison with the principal analyses (i.e., LSI/placebo/
none category) as reported in online Supporting Information
(Figures S7-S10). In a further sensitivity post hoc analysis,
when excluding high-quality trials, non-pharmacological (i.e.,
MBS and EBP) treatments showed, on average, a trend toward
higher reduction of TBWL% in comparison with the principal
analyses (i.e., LSI/placebo/none category; Figure S11).

3.4.1.1.2 | 53-520Weeks. Only alimited number of compar-
isons (Tables S8—S10) were available at 53-104 weeks (N =47 stud-
ies; H=1.05; Table S11), 105-156 weeks (N =33 studies; H=1.03;
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Al: Number of trials for each comparison A2: Traditional network plot for all comparisons.

Liraglutide

LSI_Pbo_None
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Tirzepatice
Naitrexone_Bupropion
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Phentermine_Topiramate

C1: Number of trials for each comparison C2: Traditional network plot tor all comparisons.
- )
G———
LSI_Pbo_None BPD ,'/
Liraglutide / Gep
Naltrexone ,"
LVBG. SR )| 8PD
sG Bupropion s
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FIGURE2 | Network meta-analysis for different antiobesity strategies. Network plots for TBWL% at (A) 26-52weeks, (B) 53-104 weeks, (C) 105-
156 weeks, and (D) 156-520weeks. The size of the nodes represents the number of participants randomized to each node across studies. The thick-
ness of the edges represents the number of studies comparing two interventions. Colors represent the quality of each comparison (red, yellow, and
green: high, medium, and low risk of bias, respectively). BPD, biliopancreatic diversion; GCP, greater curvature plication gastric; LAGB, laparoscopic
adjustable gastric banding; LSI, lifestyle intervention; LVGB, laparoscopic vertical banded gastroplasty; OAGB, one-anastomosis gastric bypass; Pbo,
placebo; RYGB, Roux-en-Y gastric bypass; SADI, single anastomosis duodenal switch; SG, sleeve gastrectomy.

Table S12), and 157-520weeks (N =28 studies; H=1.04; Table 13). No long-term data were available for EBP and for most OMMs.
Funnel plot visual analysis did not suggest any relevant publication For most of the assessed treatments, the estimated efficacy was

bias. No relevant inconsistency was observed for any of the consid- similar to that at 26-52weeks, except for LAGB and GCP, the
ered time points (Tables S11-S13 and Figures S12-S14). effects of which seem to reduce after 104 weeks (Figure 3).
6 Obesity, 2026
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A: 26-52 weeks

Orlistat —— 0% | 3.10 ( 041, 579)
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ey B S S e i s | S T
LAGB 7,87 (-0,96, 16,71)
Semaglutide ————— 8,64 ( 595, 11,33)
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LVBG 10% | 10.92 ( 4.22,17,62)
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LVBG 10% | 10,25 ( 3,93,16,57)
sG —_— 12,95 ( 9,68, 16,23)
0AGB 14,87 ( 9,89, 19,84)
RYGB B —— 15% | 17,13 (13,70, 20,57)
BPD 20% | 25,96 (21,16, 30,76)
0 63 126 189 252 31,5
WMD

FIGURE 3 | Forest plots for TBWL% at (A) 26-52weeks, (B) 53-104weeks, (C) 105-156 weeks, and (D) 156-520weeks. AT, aspiration therapy;
BPD, biliopancreatic diversion; ESG, endoscopic sleeve gastroplasty; GCP, greater curvature plication gastric; IGB, intragastric balloon; LAGB, lap-
aroscopic adjustable gastric banding; LVGB, laparoscopic vertical banded gastroplasty; NB, naltrexone/bupropion; OAGB, one-anastomosis gastric
bypass; POSE, primary obesity surgery endoluminal; PT, phentermine/topiramate; RYGB, Roux-en-Y gastric bypass; SADI, single anastomosis duo-
denal switch; SG, sleeve gastrectomy; WMD, weighted mean difference.

The limited number of retrieved studies and possible compari- 3.4.1.2 | For Classes of BMI. Although some trials (partic-
sons between different antiobesity strategies prevented reliable ularly for OMMs) allowed the enrollment of patients with BMI
subgroup analyses for all these time points. between 27 and 30kg/m?, the mean BMI of patients enrolled
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TABLE1 | Efficacy and safety of each strategy at different time points.

TBWL (%) Any SAE (OR)
Intervention 26-52 53-104 105-156 >156 26-52 53-104 105-156 >156
Obesity management medications
Orlistat 3.1 3.2 3.0 3.0 1.16 1.27 * 0.00
Liraglutide 4.5 51 4.2 = 1.01 1.29 * =
Naltr./Bupr. 4.8 4.8 — — 1.12 1.12 — —
Phen./Topir. — 8.8 — — — 1.28 — —
Semaglutide 8.6 10.5 8.7 = 0.51 0.91 * =
Tirzepatide _ — — 1.00 0.91 — —
Endoscopic bariatric procedures
POSE 3.8 = = = 3.12 = = =
IGB 4.8 — — — 3.40 — — —
AT 9.2 - - — 2.52 = = —
ESG 12.8 — — — 4.42 — — —
Metabolic bariatric surgery
LAGB 7.9 9.6 7.4 5.6 * 1.84 *
GCP - 8.1 — 6.6 1.68 — *
LVBG 10.9 11.6 10.2 - — *
SG 13.0 1.68 = * 1.87
OAGB 14.9
RYGB
SADI
BPD

Note: Dashes (—) indicate no data available for that time point. Asterisk (*) indicates that data were not derived from NMA (lack of comparisons between the
intervention and the reference category or few trials retrieved for that time point). The safety evaluation for these interventions (color's intensity means a higher

risk of serious adverse events [SAE]) has been performed based on a sensitivity analysis of the overall incidence of SAE at the endpoint (Table S10). TBWL (%): Dark
green, TBWL < 15%; Light green, TBWL 10-14.9%; Lighter green, TBWL 5-9.9%; Neutral color, TBWL < 5%; Any SAE (OR): Green, no increased risk; Neutral color, no

information; Red, significantly increased risk.

Abbreviations: AT, aspiration therapy; BPD, biliopancreatic diversion; ESG, endoscopic sleeve gastroplasty; GCP, greater curvature plication gastric; IGB, intragastric
balloon; LAGB, laparoscopic adjustable gastric banding; LVGB, laparoscopic vertical banded gastroplasty; Naltr./Bupr., naltrexone/bupropion; OAGB, one-anastomosis
gastric bypass; Phen./Topir., phentermine/topiramate; POSE, primary obesity surgery endoluminal; RYGB, Roux-en-Y gastric bypass; SADI, single anastomosis

duodenal switch; SG, sleeve gastrectomy; TBWL, total body weight loss.

for MBS was above 30kg/m? (Table S5), with the only exception
of one trial on RYGB versus LSI, showing a significant weight
loss in an Asian population [22]. Only one trial (orlistat vs. pla-
cebo) reported a subgroup analysis for patients with BMI <30kg/
m?, with a weight loss of 2.2% at 1 year [23]. A larger amount
of data was available for BMI 30-34.9 and 35-39.9kg/m?, allow-
ing for NMA at 26-52 and 53-104weeks. Data on patients with
BMI >40kg/m? were available for most surgical procedures,
even for long-term follow-up, and for semaglutide up to 2years.
The results of NMA at different time points for each class of BMI
are reported in Figures S15-S23 and summarized in Table 2. MBS
appeared to be more effective in patients with a higher baseline
BMI. BPD and SADI, extensively tested in patients with BMI
>40kg/m?, did not appear to produce a more significant weight
loss than RYGB or OAGB in the BMI >40kg/m? class.

3.4.1.3 | For Diabetes Status. Some trials enrolled only
patients with or without diabetes or provided subgroup analyses
for individuals with or without diabetes. When data on people with
diabetes were analyzed separately (Table S14 and Figures S24-
S31), semaglutide and tirzepatide appeared to produce a lesser
weight loss in those without diabetes. A similar phenomenon was
observed for MBS, at least at 105-156 weeks.

3.4.1.4 | Risk of Bias (RoB) NMA Assessment. Figure
S32A-D shows the RoB for each comparison (vs. LSI/placebo/
none)at26-52,53-104,105-156,and 157-520 weeks, respectively.
Both panels reported, on average, lower risks for pharmacolog-
ical comparisons versus surgical and endoscopic procedures.
The overall NMA RoB was reported in Figure S33A-D, showing
a confidence rating ranging from “moderate” to “low” and “low”
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to “very low” for pharmacological and non-pharmacological
treatments at each time point, respectively.

3.4.2 | Secondary Endpoints

3.4.2.1 | SeriousAdverse Events (SAE). DataonSAE (see
definition in the Methods section) are reported in Figures S34-
S39 and summarized in Table 1. Endoscopic and surgical pro-
cedures were generally associated with a greater risk of SAE
than pharmacological treatments. In the long term, BPD
appeared to produce a greater incidence of SAE than other
types of MBS. Some treatments could not be assessed for this
variable at some time points (i.e., 105-156 weeks) because
of insufficient data for NMA (n =9 RCTs). A sensitivity analy-
sis was performed, estimating the proportion of patients with
reported SAE in all available arms for each treatment. This
analysis confirmed a higher risk of SAE with BPD, SADI,
and LVBG and a lower risk with OMMs (Table S15).

3.4.2.2 | Mortality. The paucity of events for all-cause
mortality did not allow a formal NMA. Figures S40 and S41
report meta-analysis results comparing interventions with
placebo or active comparators. The number of recorded events
for each comparison was smaller than 50, with the only
exception of semaglutide, which was associated with a signif-
icant reduction of all-cause mortality when compared to pla-
cebo (MH-OR 0.81 [0.70-0.92]; I? 0%, p=0.002; Figures S28
and S29). No other significant result was observed for any
available comparisons between active comparators.

3.4.2.3 | Quality of Life (QoL). Only a few trials reported
data on QoL, using different scales (10, 10, 10, 5, and 5 trials
with IWQOL-Lite [17, 28, 31-38], SF-36 General Health [20, 21,
38-45], SF-36 Physical Role Functioning [31, 32, 35, 37, 41-43,
45-47], SF-36 Physical and Mental Components [39, 40, 43, 48,
49], respectively). The paucity of data did not allow for NMA,
only traditional meta-analysis (Figure S42). NB, semaglu-
tide, IGB, and POSE, but not liraglutide and tirzepatide, were
associated with an improvement of IWQOL versus placebo
(Figure S42A). Only one active-controlled trial (i.e., liraglutide
vs. orlistat) reported data on IWQOL, showing better scores
for liraglutide [17]. RYGB and BPD reported better endpoint
scores for SF-36 General Health compared to LSI/no therapy,
whereas no between-group differences were observed for IGB,
orlistat, and liraglutide. Some trials compared RYGB with
BPD (one trial) and RYGB with SG (three trials), with no sig-
nificant between-group differences (Figure S42B). When ana-
lyzing the subscale “Physical role functioning,” RYGB
and semaglutide were associated with significantly improv-
ing reported QoL versus placebo/LSI/no therapy. IGB, lira-
glutide, orlistat, and tirzepatide did not significantly change
QoL scores at the endpoint (Figure S42C). Only five trials
reported information on SF-36 Physical and Mental Compo-
nents subscales, showing no significant differences versus
placebo/LSI/no therapy for semaglutide, IGB, and LAGB (one
trial for each intervention). Two trials comparing RYGB ver-
sus SG did not report significant between-group differences
(Figure S42D).

4 | Discussion

The current belief of many experts relies on the assumption that
surgical treatment is more effective and associated with a higher
risk of adverse events compared to OMMs. The comprehensive
assessment of all available evidence coming from RCTs does not
entirely support this assumption. New definitions of obesity,
beyond BMI-based measures, challenge professionals involved
in obesity management, aiding clinical decision-making and
prioritizing the appropriateness of public health strategies [50].
Both OMMs and surgical procedures are widely heterogeneous
in their efficacy and safety, with newer agents (i.e., semaglutide
and tirzepatide) and some types of MBS (i.e., gastric bypass, SG,
SADI, and BPD) being more effective than older OMMs and
lower-efficacy procedures, such as GCP and LAGB. This paper
aims to provide health care professionals and policy makers with
adequate information about the available evidence-based treat-
ment options for obesity, especially in light of the newly pub-
lished definition and diagnostic criteria of clinical obesity. As
stated by the Lancet Diabetes and Endocrinology Commission,
clinical obesity is a condition of illness directly resulting from
excess adiposity, which can widely affect any organ or tissue
function. Nevertheless, the diagnosis of clinical obesity requires
one or both of the specific criteria (i.e., evidence of impaired
organ or tissue function related to obesity and adiposopathy,
signs and symptoms or diagnostic tools showing obesity-related
organ dysfunction with limitation of daily activities).

Older agents (i.e., orlistat, NB, and liraglutide) produce a rel-
atively small weight loss (less than 5% of initial body weight)
among OMMSs. The combination of phentermine and topira-
mate (PT) produces a weight loss of between 5% and 10% in
the short term, with no available data in the longer term. This
could be explained by the various pharmacological interac-
tions, contraindications in patients affected by psychosocial
disorders, and lack of relevant nutrient-sensitive hormone
pathways. Newer agents (semaglutide and tirzepatide) seem
more effective in weight reduction. Unfortunately, there is only
one direct comparison with a duration of at least 52 weeks com-
paring two different OMMs. Relative estimates of efficacy rely
only on indirect comparisons calculated with NMA. The effect
on body weight is maintained for at least 3years, but longer-
term trials are available only for orlistat. The safety of OMMs
is acceptable, with an odds ratio of experiencing SAE below
1.30 for all agents.

RCTs in metabolic surgery are not sufficiently powered to
show mortality reduction, but reassuring evidence exists from
large epidemiological studies. Specifically designed cardio-
vascular outcome trials are available only for semaglutide [51]
and NB [52], while a trial on tirzepatide is currently ongoing
[53]. Semaglutide, unlike NB, was reported to be associated
with a significant reduction in the incidence of major cardio-
vascular events in people with obesity with previous cardio-
vascular events [51]. These findings align with those obtained
by a higher number of cardiovascular outcome trials per-
formed in patients with T2DM, suggesting that some classes
of drugs (i.e., GLP-1RA) could have beneficial cardiovascu-
lar effects even in patients affected by obesity [54]. However,
these putative beneficial effects should be proven through
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specifically designed trials, and different OMMs could likely
have different impacts on cardiovascular outcomes. OMMs
approved from 1999 to 2014 (i.e., sibutramine) were shown to
increase, rather than reduce, cardiovascular risk and related
mortality [55]. However, the available cardiovascular trials on
NB and sibutramine are heterogeneous in sample size, case
mix, and treatment duration, preventing any definitive con-
clusion. Unfortunately, no specific cardiovascular outcome
data are available for other OMMSs, some of which (e.g., PT)
could theoretically affect the cardiovascular system [56].
Moreover, phentermine is generally not prescribed to people
taking selective serotonin reuptake inhibitors due to a theo-
retical risk of cardiovascular disease and heart failure [57]. In
fact, despite the relevant burden of cardiovascular disease as-
sociated with obesity, regulatory authorities do not routinely
require cardiovascular outcome data for new obesity drugs, as
in other adjacent therapeutic areas [58].

Evidence on endoscopic bariatric procedures introduced more
recently than most surgical treatments and most drugs is still
limited, particularly in the longer term. The category of EBP is
very heterogeneous, including both temporary and permanent
interventions: IGB and AT are typically applied for a limited
amount of time to induce relevant weight loss for specific aims
(e.g., to reduce the risk for surgical intervention). Conversely,
POSE and ESG are designed for longer-term use. The amount
of weight loss determined by ESG is similar to that of the most
effective OMMs and some surgical procedures. In addition,
ESG appears to be more effective than POSE. The number of
reported adverse events is higher than that of OMMs and not
very dissimilar from surgery.

The number of available trials for MBS is remarkable, al-
though sample sizes are usually small. Unlike OMMs, for
MBS, there is also a substantial body of evidence derived
from direct head-to-head studies, which both allow tradi-
tional meta-analyses for comparisons and strengthen the
reliability of NMA. Notably, the results from traditional meta-
analyses on MBS differ from those obtained with NMA. The
assumption that different surgical strategies have a more sig-
nificant impact on weight loss is already well acknowledged
[6,12, 13, 59, 60]. As previously reported, in the present anal-
ysis, BPD and SADI produce a more significant weight loss
than RYGB and OAGB, which, in turn, seem more effective
than SG, LVBG, GCP, and LAGB. The therapeutic effects are
substantially maintained in the long term, except for LAGB
and GCP. Despite the rate of weight reduction during any obe-
sity treatment tending to decline over time, reaching a weight
plateau, this phenomenon seems to be less pronounced with
MBS. This could be explained by the specific anatomical con-
figuration and hypoabsorptive components of the procedures
related to reduced gastrointestinal transit time and limited
contact with brush border enzymes. On the contrary, little
is known about the durability of OMMs and EBP. Long-term
data are available only for orlistat and, very recently, for tirze-
patide (i.e., 3-year follow-up of SURMOUNT-1 trial), prevent-
ing any reliable conclusions [61]. On the other hand, SAE are
more frequent with those approaches that are associated with
more significant weight loss, BPD and SADI. Due to the small
size of the enrolled samples, mortality data are insufficient to
draw any reliable conclusion.

BPD and SADI seem to have greater effects on body weight
loss. However, it should be considered that the few RCTs on
these interventions are all performed in patients with higher
baseline BMI (i.e., BMI >40kg/m?), who are more likely to
benefit from any type of antiobesity strategy. Interestingly,
when analyzing data based on BMI at entry, RYGB is not
inferior to BPD and SADI. Moreover, these latter surgical
interventions are at higher risk for SAE than other types of
MBS. On the other hand, OMMs seem to perform with simi-
lar efficacy across different BMI classes. This should be taken
into account when prescribing OMMs to patients affected by
overweight or lower degrees of obesity. In addition, putative
beneficial effects of treating patients at lower risk for incident
obesity-associated comorbid conditions are far from being
proven, as shown by the present systematic review with very
few data on overweight patients (one trial on lorcaserin report-
ing a modest, albeit significant, effect on TBWL% in compari-
son with placebo [23] and one trial on RYGB performed on an
Asian sample [22]). Quite interestingly, the placebo-controlled
cardiovascular outcome trial on semaglutide [51] performed
in patients affected by overweight/obesity and previous car-
diovascular disease reported subgroup analyses for different
classes of BMI, showing a significantly lower incidence of
major cardiovascular events in favor of the treatment, even in
patients with BMI ranging from 27 to 30kg/m?.

Another interesting preplanned subgroup analysis of the pres-
ent meta-analysis is that performed for diabetes status. RCTs
excluding patients with T2DM were more likely to achieve a
greater efficacy in body weight loss than RCTs performed on pa-
tients with T2DM. This is not surprising and is expected mainly
due to body weight recovery after amelioration of glucose con-
trol (i.e., fluid retention, increase of fat-free mass, etc.).

Some limitations of the present NMA should be considered
when interpreting the results. The quality of trials is not ho-
mogeneous, possibly introducing some biases. The open-label
design, which is inevitable in the case of comparisons between
surgical and non-surgical treatments, could produce a bias be-
cause of a possible placebo effect of surgery. Moreover, to com-
pare different surgical and non-surgical strategies for treating
obesity, we were forced to choose a heterogeneous reference cat-
egory (i.e., placebo, LSI, and no therapy). Most RCTs performed
on OMMs are usually placebo-controlled, whereas EBP and
MBS are often compared to LSI or no therapy (i.e., uncontrolled
studies). This decision could be a source of heterogeneity, and it
could have introduced a bias against OMMs, underestimating
the actual effects on the primary endpoint. Therefore, we per-
formed several sensitivity analyses (i.e., analyzing TBWL% at
different time points, for different baseline BMI categories, and
diabetes status), which showed no relevant differences in results
across follow-up durations, baseline BMI, and diabetes status for
different treatment strategies. In addition, to try to overcome the
heterogeneity derived from the choice of a combined reference
category, further post hoc sensitivity NMA has been performed
considering placebo as the reference category. By comparing the
results of this latter NMA at 26-52 weeks with those of the prin-
cipal NMA (i.e., reference category: LSI/no therapy/placebo), no
relevant differences were observed, except for a slightly lower
efficacy of surgical procedures. Unfortunately, these sensitiv-
ity analyses could not be performed for other time points due
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to the relatively small number of longer-term studies. Another
possible source of heterogeneity when interpreting the results of
this paper can be represented by the choice to consider together
surgical and non-surgical procedures, particularly for the safety
profile. In fact, adverse events for OMMs are considerably differ-
ent from those reported during and after a surgical intervention,
making this comparison particularly problematic.

Nevertheless, other limitations of the present study should be
highlighted. Firstly, data on long-term adherence to treatments
are lacking, which might be explained by the recent market
placement of newer OMMs. Moreover, the study does not ad-
dress adherence rates for different interventions, particularly for
OMMs and LSIs; this is of paramount importance since many
patients struggle daily with long-term adherence to pharmaco-
logical treatments due to side effects, cost, or behavioral factors.
On the other hand, surgical and endoscopic options may also
have adherence-related challenges, such as dietary restrictions
or low follow-up compliance. For these reasons, further studies
should assess adherence rates and determine their impact on
long-term weight loss and health care outcomes. Moreover, the
follow-up and treatment duration significantly differ from RCTs
performed on MBS and those performed on OMMs and EBP.
This latter point led to several concerns in comparing different
therapeutic strategies, which have been addressed by perform-
ing additional preplanned sensitivity analyses divided by differ-
ent time points. In addition, although the EMA and FDA have
approved several OMMs for long-term use, their efficacy (du-
rability), safety, and cost-effectiveness are far from being fully
explored in the long term. On the other hand, there are several
RCTs on MBS reporting their effectiveness even after 10years,
as shown in the present NMA. Long-term high-quality RCTs on
OMMs are therefore urgently required to perform more reliable
comparisons across different antiobesity strategies.

Secondly, this NMA is based only on RCTs, which often recruit
specific patient populations and might not entirely reflect real-
world effectiveness, where factors like advanced age, insurance
coverage, ethnicity, burden of obesity related-medical condi-
tions (i.e., heart failure, respiratory disturbances including sleep
apnea or reduced chest wall lung compliance, reproductive dys-
functions), socioeconomic status, and patient motivation play a
role. Future analyses should include real-world evidence from
cohort studies, national registries, and electronic health records
to improve generalizability and applicability. Moreover, several
NMA studies showed wide ranges of CIs for some antiobesity
strategies (particularly MBS). This is due to the relatively small
sample sizes for some of the included outcomes, thus limiting
the results’ reliability. Nevertheless, the effects of any antiobe-
sity strategy rely on aspects other than the impact on weight
loss, such as controlling obesity-associated medical conditions.
Our meta-analysis did not report data on other outcomes due to
the high heterogeneity across different strategies and studies in
defining obesity-associated medical conditions.

Another relevant aspect should be underlined, concerning the
lack of standardized definitions for weight loss success, since
different studies may adopt variable thresholds for defining
“clinically meaningful weight loss” (i.e., 5% vs. 10% TBWL). This
inconsistency might impact the comparability of results across
different interventions. Future research should be aware of this

issue, adopt a standardized weight loss threshold (e.g., >10%
TBWL), and consistently define metabolic outcomes.

Since transitivity concerns in adopting a heterogeneous refer-
ence category (i.e., LSI/none/placebo) could not be completely
ruled out, we explored several possible modifiers across the
three different types of control groups, finding a significantly
higher mean age for pharmacological RCTs. This means that it
was not possible to assume the populations in the three compar-
ator groups (i.e., LSI, no intervention, and placebo) as homoge-
neous. To assess this possible bias, a sensitivity post hoc NMA
was conducted, considering the placebo group as the reference
category, which showed, on average, a lower efficacy of MBS
and EBP compared to the results obtained using LSI/placebo/
none as the reference category.

Due to considerably heterogeneous effectiveness across indi-
vidual surgical (and pharmacological) interventions, no meta-
analysis could have been performed using categorical groups
(i.e., comparisons between MBS, OMMs, and EBP).

Finally, a cost-effectiveness analysis is not provided, thus hin-
dering a proper assessment of the economic burden and cost-
effectiveness of different obesity-management options. This
represents a relevant factor for clinicians, policy makers, and
insurance companies for an appropriate and precise definition
of indication and coverage of various treatments. Not to men-
tion, on one hand, newer obesity medications (i.e., semaglutide,
tirzepatide) are expensive and accessibility may be limited; on the
other hand, surgical and endoscopic procedures have high upfront
costs but may lead to long-term savings by reducing the economic
and social burden related to organ dysfunction and individuals'
ability to conduct average daily activities related to clinical obe-
sity. A cost-effectiveness analysis comparing various interventions
should be included in future NMA studies to provide valuable in-
sights for health care decision-making and policy-making.

5 | Conclusion

The results obtained are of interest to clinicians involved in obe-
sity management. For the first time, evaluating only RCTs with
GRADE methodology, different approaches were analyzed in
different categories of patients, giving a clearer overall picture of
their effectiveness. MBS was associated with greater weight loss,
which was superior to other treatments, especially in the long
term. EBP, except for ESG, showed a lower efficacy in weight
loss compared to newer OMMSs (i.e., semaglutide and tirze-
patide), which were competitive in the short term with some
MBS procedures.

Some surgical interventions were less effective long term (LAGB
and GCP) than others. BPD should be used in selected patients
because it was only slightly superior to RYGB and OAGB, and it
was associated with a higher risk of SAE. Nevertheless, the ben-
efits of obesity management strategies go beyond BMI reduction,
and a better weight loss outcome does not necessarily represent
superiority of one treatment over another, without a thorough
assessment of comorbidities and QoL. However, the lack of ef-
ficacy and safety in the longer term and concerns about OMMs'
affordability should be carefully considered when making
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attempts to compare surgical and non-surgical antiobesity strat-
egies, which deserve further investigation.
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