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management are Intragastric Balloons (IGBs), endoscopic 
suturing techniques such as endoscopic sleeve gastrectomy 
(ESGs), duodenal mucosal resurfacing, and duodenal-jejunal 
bypass liner (endobarrier). All these therapies can be used as 
a primary treatment in patients with Class 1 obesity (BMI 
>30) or higher, who do not wish to undergo bariatric surgery, 
who are poor surgical candidates, or who do not wish to use 
pharmacotherapy for a long duration of time [Figure 1].

Intragastric Balloons (IGBs) 
Intragastric balloons (IGBs) are endoscopically placed devices 
that occupy space within the stomach [Figure 2]. They  
work by limiting the volume of food that can occupy the 
stomach and are generally categorized as restrictive in their 
function by reducing oral intake.  IGBs lead to early feelings 
of fullness or early satiety, and staying full for longer, also 
known as delayed gastric emptying. They can be placed as 
an outpatient endoscopic procedure, meaning the patient 
comes in, undergoes the endoscopic placement, and goes 
home the same day. There are multiple types of IGBs on the 

market, but only a few approved in the US by the FDA. Most 
of the current balloons are inserted into the stomach and 
then insufflated with sterile water, saline, or air. The vol-
ume of fluid placed within the balloons varies by manufac-
turing and by patient – how well they tolerate the volume, 
their symptoms, and their weight loss goals. The balloon is 
left in place within the stomach for 4–12 months. The ben-
efits of this procedure are that it can be easily placed and 
removed, can lead to 7–14% total weight loss,7 and can be 
widely adopted. Disadvantages include how well it is tol-
erated – some patients report significant nausea or other 
related unwanted symptoms, durability as it is temporary 
and must be removed, and side effects such as the balloons 
popping and migrating. This endoscopic weight loss modal-
ity is only currently recommended as a primary treatment 
and not in patients who have had previous foregut or bar-
iatric surgery. Compared with lifestyle modifications alone 
such as diet and exercise, these IGBs are more effective at 
short-term weight loss, with some studies illustrating 25% 
excess well loss (EWL).8 All in all, this is a great option for 
patients who want more powerful weight loss and improve-
ment in comorbidities than weight loss and exercise alone, 
with a short duration in therapy. 

Endoscopic Sleeve Gastrectomy 
This is a procedure that uses endoscopic suturing to plicate 
the stomach from the inside, meaning sewing it from the 
inside down into a smaller pouch. Using a special endo-
scopic instrument, the apollo overstitch, circumferential 
bites of stomach lining or gastric mucosa are taken and syn-
ched down [Figure 3]. This works as a weight loss tool in a 
similar way to the balloons – the suturing of the stomach 
from the inside makes the stomach much smaller, limiting 
the amount of food one can eat at a given time and increas-
ing the sensation of fullness. As most of the other endo-

scopic procedures, this is often 
a same-day procedure, where 
the patient can come into the 
endoscopy suite or operating  
room, has the endoscopic sleeve  
created, and go home the same 
day. An ESG is considered semi- 
permanent with restriction ef- 
fects that can last, and a ver-
sion of this technique can be 
performed in patients who’ve 
had previous foregut or bar-
iatric surgery. However, some 
of the sutures can open over-
time, leading to an increase in 
size of the stomach again, so 
it is surely not as permanent  
or durable as its sister surgical 
option, the sleeve gastrectomy. 
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Figure 1. Obesity treatments in order of advanced invasiveness and 

durability. 
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Figure 2. Intragastric balloon weight loss procedure 
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6HPDJOXWLGH� WKHUDS\� R൵HUV� D� FRPSOHPHQWDU\� \HW� GLVWLQFW�
approach to weight loss compared to the IGB balloon, as it 
reduces energy intake at the hormonal level via the brain’s 
reward and motivation pathway rather than mechanically [23, 
24]. Semaglutide therapy also does not alter resting metabolic 
rate, therefore justifying subsequent therapy to adjust energy 
intake during metabolic rate adjustments to support long-term 
weight loss [23, 24]. 

1DXVHD� DQG� YRPLWLQJ� ZHUH� FRPPRQ� DGYHUVH� H൵HFWV�
reported by both the IGB only group and the IGB + semaglu-
WLGH�JURXS��$OWKRXJK�QRW�VLJQL¿FDQW�LQ�FRPSDULVRQ�WR�WKH�,*%�
only group, a greater incidence was reported by patients in the 
,*%���VHPDJOXWLGH�JURXS��7KH�QDXVHD�DQG�YRPLWLQJ�UHSRUWHG�
by patients in the IGB only group may be explained by IGB’s 
H൵HFW� RQ� JDVWULF� ZDOO� WHQVLRQ�� ZKLFK� LV� LQÀXHQFHG� E\� IDF-
tors of gastric wall stretch and tone [25]. Activating gastric 
mechanoreceptors that respond to changes in stretch regulates 
WKH�LQWHQVLW\�RI�VHQVDWLRQ�IHOW�DIWHU�JDVWULF�¿OOLQJ�>25]. While 

RU�,*%�DORQH��ZKLFK�LV�HYLGHQW�ZLWK�WKH�VLJQL¿FDQWO\�KLJKHU�
7%:/�DQG�(:/�HYLGHQW�LQ�WKH�,*%���VHPDJOXWLGH�JURXS�

$� QRWDEOH� RXWFRPH� LQ� WKLV� VWXG\� ZDV� WKH� GL൵HUHQFH� LQ�
weight loss trajectory following intragastric balloon removal 
DW���PRQWKV��7KH�,*%�RQO\�JURXS�UHJDLQHG�������RI�SUHYL-
ously lost weight while the IGB + semaglutide group lost an 
additional 13.5% of previously lost weight. On comparing 
the IGB + semaglutide group and the IGB only group from 
a standpoint of weight gain, the IGB only group showed a 
VWDWLVWLFDOO\�VLJQL¿FDQW�ZHLJKW�UHJDLQ�FRPSDUHG�WR�WKH�,*%���
VHPDJOXWLGH�JURXS��7KHVH�¿QGLQJV�DOLJQ�ZLWK�UHSRUWHG�ZHLJKW�
regain in 76% of patients after balloon removal, highlighting 
the need for adjunctive weight loss intervention for sustained 
outcomes [21]. Weight regain following balloon removal may 
EH� DWWULEXWHG� WR� LQWHULQGLYLGXDO� YDULDWLRQ� LQ� PHWDEROLF� H൶-
ciency, particularly resting metabolic rate, of which 40% is 
attributed to genetics [22]. Given these factors, patients may 
require longer to achieve sustainable metabolic adjustments. 

Fig. 2 Mechanism of action for Intragastric Balloon (IGB) therapy 
YHUVXV�6HPDJOXWLGH�LQMHFWLRQV��7KH�OHIW�SDQHO�LOOXVWUDWHV�WKH�GHFUHDVHG�
gastric volume due to IGB, which leads to reduced food intake. It also 
GHPRQVWUDWHV�WKH�H൵HFW�,*%�KDV�RQ�VWUHWFK�UHFHSWRUV�LQ�WKH�VWRPDFK��
DFWLYDWLQJ�D൵HUHQW�YDJDO�VLJQDOLQJ�WR�DOHUW�WKH�QXFOHXV�WUDFWXV�VROLWDULXV�
LQ� WKH� EUDLQ� VWHP��ZKLFK� VXEVHTXHQWO\� WULJJHUV� YDJDO� H൵HUHQW� ¿ULQJ��
GHFUHDVLQJ� JDVWULF� HPSW\LQJ� DQG� LQFUHDVLQJ� VDWLHW\�� 7KH� ULJKW� SDQHO�
GHPRQVWUDWHV� WKH� H൵HFWV� RI� VHPDJOXWLGH� LQMHFWLRQV� DV� D�*/3��� DJR-

QLVW��ZKLFK�HQKDQFHV�VDWLHW\�DQG�UHGXFHV�DSSHWLWH�YLD�FHQWUDO�H൵HFWV��
delays gastric emptying, and decreases gastric acid secretion. Periph-
HUDO�H൵HFWV� LQFOXGH� LQFUHDVHG�JO\FRJHQ�V\QWKHVLV�DQG�JOXFRVH�R[LGD-
WLRQ�LQ�PXVFOH��HQKDQFHG�LQVXOLQ�VHFUHWLRQ�DQG�ȕ�FHOO�SUROLIHUDWLRQ�ZLWK�
reduced glucagon secretion in the pancreas, and decreased lipolysis 
with increased glucose uptake in adipose tissue. Both interventions 
reduce energy intake through complementary mechanisms. Created in 
BioRender. Basson, M. (2025) https://BioRender.com/szuyr7g
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EH� DWWULEXWHG� WR� LQWHULQGLYLGXDO� YDULDWLRQ� LQ� PHWDEROLF� H൶-
ciency, particularly resting metabolic rate, of which 40% is 
attributed to genetics [22]. Given these factors, patients may 
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HUDO�H൵HFWV� LQFOXGH� LQFUHDVHG�JO\FRJHQ�V\QWKHVLV�DQG�JOXFRVH�R[LGD-
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Clinical )se of *+P,1 and *+P,1/*IP R-s
Approved Agents and Dosing
GLP-1 RAs have a relatively long half-life of appro5imately one %eek. 6hey increase glucose-dependent insulin 
secretion& suppress glucagon release& and slo% gastric emptying by activating speci3c receptors in the gut and 
hypothalamus& thereby suppressing appetite and contributing to %eight loss. ;igure 1 summari,es a conceptual 
overvie% rather than a single e5perimental model& developed on the basis of published evidence& %ith the aim of 
facilitating the understanding of central and peripheral path%ays involved in the GI effects associated %ith GLP-1 
receptor agonists.

0ual agonists that activate both GLP-1 and GIP receptors have been sho%n to provide more pronounced %eight loss& 
better glycemic control& and better metabolic outcomes compared to GLP-1 RAs alone.7

GLP-1 RAs are typically administered using pre3lled single-use in@ection pens& %ith in@ections given in the abdomen& 
thigh& or upper arm. 6itration schedules are generally planned to minimi,e early GI side effects. 6reatment typically 
begins %ith a lo% dose and is gradually increased at %eekly or bi%eekly intervals.

In recent years& long-acting GLP-1 RAs such as liraglutide& dulaglutide& semaglutide& and the dual GIP/GLP-1 
receptor agonist tir,epatide have become %idely used. In contrast& short-acting formulations such as e5enatide and the 
older-generation agent li5isenatide are no% prescribed far less fre/uently& and several formulations have been %ithdra%n 
from the market in certain countries& largely due to limited clinical uptake& the availability of more effective long-acting 
alternatives& and commercial considerations rather than con3rmed safety concerns.1

;ollo%ing ;0A approval of liraglutide& semaglutide& and tir,epatide for chronic %eight management& prescription 
rates have increased rapidly. ;0A-approved GLP-1 and dual GIP/GLP-1 receptor agonists& their indications& formula-
tions and dosing regimens are summari,ed in 6able 1.

.igure 1 +echanisms underl.ing gastrointestinal adverse effects of GLP-1 receptor agonists7 2his Agure presents a conceptual overvieB of the central and peripheral 
pathBa.s involved in gastrointestinal effects associated Bith GLP-1 receptor agonists* based on established ph.siological evidence7 Central mechanisms include h.pothalamic 
and brainstem pathBa.s regulating appetite and nausea* Bhile peripheral mechanisms involve vagal afferent signaling* dela.ed gastric empt.ing* and reduced intestinal motilit.7 
2hese pathBa.s contribute to commonl. reported s.mptoms such as nausea* reduced appetite* earl. satiet.* and constipation* as Bell as less freCuent outcomes including 
gastroparesis and intestinal obstruction7
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Gastrointestinal Effects of GLP-1 and 
Dual GLP-1/GIP Receptor Agonists

Current Gastroenterology Reports (2025) 27:49

which GLP-1 RAs promote satiety and reduce post-prandial 
glucose surges.

Large Bowel Motility

7KH� H൵HFWV� RI�*/3���5$V�RQ� FRORQLF�PRWLOLW\� DUH� SRRUO\�
understood and results are mixed among animal and human 
studies. In rats, administration of intracerebroventricular 
GLP-1 resulted in increased fecal pellet output, which was 
reversed by administration of a GLP-1 receptor antagonist 
[47]. This result suggests a central mechanism by which 
GLP-1 promotes increased colonic motility. However, other 
studies suggest an inhibitory role of GLP-1 in colonic motil-
ity. An in vitro study with human colonic tissue demon-
strated decreased amplitude of colonic contractions but no 
change in frequency or resting basal tone with exposure to 
GLP-1 [19]. Further, prolonged colonic motility is observed 
in humans with GLP-1-producing neuroendocrine tumors 
[48@��7KH�VLGH�H൵HFW�SUR¿OH�RI�*/3���5$V�IXUWKHU�VXSSRUWV�

Small Bowel Motility

GLP-1 inhibits small bowel motility through reduction in 
migrating motor complex (MMC) frequency. Infusion of 
physiologic levels of GLP-1 in rats prolonged the MMC 
cycle length and slowed small bowel transit [43@��7KLV�H൵HFW�
was nitrogen oxide-dependent in the fasted state and nitro-
gen oxide-independent in the fed state [43]. Multiple human 
VWXGLHV� FRQ¿UP� */3��� PHGLDWHG� GHOD\� LQ� VPDOO� ERZHO�
transit. In a RCT of healthy and IBS patients, continuous 
GLP-1 infusion was associated with a decrease in small 
bowel MMC frequency [44]. Additionally, administration 
of the GLP-1 RA exenatide inhibited small bowel motility, 
ÀRZ��WUDQVLW��DQG�JOXFRVH�DEVRUSWLRQ�LQ�KHDOWK\�SDWLHQWV�DQG�
patients with T2DM [45]. Further supporting a role in inhib-
iting small bowel motility, there are case reports describing 
the use of GLP-1 RAs to aid in reducing bowel frequency 
in IBD patients with short gut syndrome [46]. Inhibition of 
small bowel motility may be an additional mechanism by 

Fig. 3� 6XPPDU\�RI�SURSRVHG�*,�PRWLOLW\�H൵HFWV�RI�*/3���5$V�DW�HDFK�
level of the GI tract. GLP-1 receptors are variably expressed through-
RXW� WKH� *,� WUDFW� LQFOXGLQJ� ZLWKLQ� WKH� QHUYH� ¿EHUV� RI� WKH� P\HQWHULF�
plexus at all levels. Within the esophagus, GLP-1 is associated with 
increased lower esophageal sphincter (LES) relaxation frequency as 
ZHOO�DV�LQFUHDVHG�IUHTXHQF\�RI�UHÀX[�HYHQWV��+RZHYHU��ZKHWKHU�WKHVH�
DUH�SULPDU\�H൵HFWV�RU�VHFRQGDU\�WR�GHOD\HG�JDVWULF�HPSW\LQJ�UHPDLQV�
unclear. Within the stomach, GLP-1 promotes delayed gastric emp-
tying by enhancing accommodation, decreasing antral motility in the 
digestive and interdigestive periods, enhancing pyloric tone, increas-
ing sympathetic tone, and decreasing parasympathetic tone. GLP-1 
inhibits small and large bowel motility through reduction in migrating 

motor complex (MMC) frequency. Some animal studies also suggest 
an increase in large bowel motility. GLP-1 RAs increase the risk of 
cholestatic disease, but GLP-1 studies on biliary motility are limited. 
Some studies show an association with decreased CCK production and 
JDOOEODGGHU� HMHFWLRQ� IUDFWLRQ��*/3���PD\� DOVR� LQÀXHQFH�*,�PRWLOLW\�
through altered gut microbial composition and metabolite produc-
WLRQ�� )LQDOO\�� */3��� LQÀXHQFHV� *,� PRWLOLW\� WKURXJK� VHYHUDO� FHQWUDO�
and peripheral neurologic mechanisms, including promoting central 
satiety, modulating central reward pathways, and modifying peripheral 
sympathetic and parasympathetic tone. [Figure created in BioRender. 
Bellavance, D. (2025) https://BioRender.com/t05a207]
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Endoscopic sleeve gastroplasty mechanism of action. 

5 | FUTURE IMPLEMENTS

There is a widespread perception that endoscopic bariatric therapies

offer a considerably more favourable risk-benefit profile when com-

pared with MBS, particularly in patients with class I and II obesity and

those considered to be high-risk candidates for surgical intervention

because of severe medical comorbidities. Consequently, many view

ESG as the preferred approach for early intervention, such as the

treatment of patients with a BMI of 30-35 kg/m2 or to prevent

the development of comorbidities associated with obesity. However,

it is essential to exercise caution when presenting ESG in this light

because of the absence of high-quality randomized controlled trial

evidence comparing ESG with MBS. This in itself is probably difficult

to undertake because of differences in the indication of ESG and SG

in routine practice, making the recruitment of such a study challeng-

ing. The primary concern when opting for ESG as a weight-loss proce-

dure is the long-term durability of weight loss. The available literature

that discusses the conversion of ESG to SG or gastric, is very limited.

However, a recently published case report underscores the feasibility

of such a conversion, provided that intraoperative endoscopy is car-

ried out to ensure secure stapling during pouch formation after the

removal of sutures and ESG-related hardware. Studies have reported

the presence of additional adhesions outside the stomach, changes in

the thickness of the stomach wall, and damage to blood supply in the

gastric tissue when performing MBS as a conversion from ESG.57,58

This is an area where further evidence is necessary to ascertain the

F IGURE 2 Endoscopic
sleeve gastroplasty (ESG)
compared with laparoscopic
sleeve gastrectomy (SG). GORD,
gastroesophageal reflux disease;
TBWL, total body weight loss.
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150 min and 200–300 min per week of moderate-
intensity exercise to lose weight or maintain weight, 
respectively. This exercise regime should be com-
plemented with behavior modification, such as 
slowing the rate of eating, social support, cogni- 
tive restructuring, and relapse prevention. Post-
operatively, patients should be enrolled for long-
term follow-up care to determine the extent and 
maintenance of weight loss and document any long-
term complications. Further research and long-term 
studies in the United States and abroad are needed 
to establish therapeutic guidelines.

Types of endobariatric procedures
EBTs are mainly categorized into two catego-
ries: restrictive or malabsorptive procedures for 

patients with a body mass index (BMI), mainly 
between 30 and 45 kg/m2.

Restrictive EBT procedures
In restrictive EBTs, a balloon filled with methylene 
blue-saline solution or inert gas is placed to fill the 
stomach to induce early satiety by reducing the 
available gastric lumen size. One of the first restric-
tive EBTs was IGB placements. In 1989, the first 
IGB EBT was developed in the United States, 
known as the Garren Edwards Gastric Bubble 
(GEGB). GEGB was initially Food and Drug 
Administration (FDA) approved in 1985 but was 
later pulled from the market in 1992 after 7 years 
because of issues with spontaneous deflation of the 
bubble needing surgical removal.1,29–31 Moreover, 

Table 2. ASGE Endoscopic Bariatric Surgery Guideline Summary.25

Category Recommendation

Inclusion Criteria Patients who have failed weight loss or weight maintenance with lifestyle 
intervention alone

Accreditation Gastroenterology fellowship or general surgery residency

Pre-operative 
Screening

Assess a patient’s nutrition status, eating patterns, and registration with a dietician. 
Routine laboratory testing for complete blood count, lipids, kidney function, liver 
function tests, urinalysis, and nutritional screening

Post-operative 
Maintenance

Reduce caloric intake and increase exercise; provide long-term follow-up care 
maintain weight loss and documented long-term complications

Figure 1. Mechanisms of Weight Loss After Endoscopic Bariatric Therapy (EBT).
Figure showing mechanisms of weight loss after EBT. Three major pathways exist after EBT. Change in gut peptide levels, 
bile acid signaling pathways, and altered gut microbiota. The pathways can interact with each other, producing increased 
insulin sensitivity, lipid metabolism, and energy expenditure, ultimately leading to weight loss. EBT, Endoscopic bariatric 
therapy; GIP, gastric inhibitory peptide; GLP-1, glucagon like peptide 1; FXR, farnesoid X receptor; TGR5, Takeda G protein–
coupled receptor.
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Does Combining Liraglutide with Intragastric Balloon Insertion
Improve Sustained Weight Reduction?

no significant differences were observed between the two groups with regards to pain, nausea, GERD, need for early
IGB removal, IGB migration

IGB 64 pz (6 months FU)
IGB+Lira 44 pz (Lira after 1 m IGB)
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Introduction

Obesity represents a global public health burden. It is typi-
cally interrelated to a plethora of complications that predis-
pose to avoidable morbidity and mortality [1@��7KH�UDWHV�RI�
obesity worldwide have more than doubled over the past 
35 years, with adolescent obesity having quadrupled [2]. 
While lifestyle intervention remains a cornerstone in the 
PDQDJHPHQW� RI� REHVLW\�� LWV� H൵HFWLYHQHVV� LV� RIWHQ�PRGHVW��
with long-term studies such as Look AHEAD showing that 
DSSUR[LPDWHO\�����RI�SDUWLFLSDQWV�DFKLHYHG������ZHLJKW�
ORVV� DQG� DOPRVW� RQH�WKLUG� RI� SDUWLFLSDQWV� DFKLHYHG��� ����
ZHLJKW� ORVV� DW� �� \HDUV�� 7KHVH� RXWFRPHV� GHSHQG� KHDYLO\�
on sustained patient engagement and adherence to behav-
ioral changes [3]. Obesity remains an underdiagnosed and 
undertreated condition [4]. Classically, treatment is initi-
ated from the least invasive and may be escalated towards 

pharmacotherapy, endoscopic bariatric interventions, and 
lastly, surgical intervention.

At present, the gold standard management for the unsuc-
cessful medical treatment of obesity is surgical interven-
WLRQ��SURYLGLQJ�XQULYDOOHG�ZHLJKW�ORVV��7KHVH�LQWHUYHQWLRQV�
include but are not limited to the adjustable gastric band, 
sleeve gastrectomy, and Roux-en-Y gastric bypass [5]. 
Despite providing considerable weight loss, only between 
0.5 and 1% of eligible patients undergo bariatric surgery 
[6]. Perhaps this may be in part due to high cost, concerns 
related to surgical intervention, and lack of access to bar-
iatric centers [7@��(QGRVFRSLF�EDULDWULF�WKHUDS\�R൵HUV�D�OHVV�
invasive option for patients reluctant to undergo surgery 
and includes various procedures such as space-occupying 
devices, restrictive procedures, and aspiration therapies 
[8]. Space-occupying devices refer to Intragastric balloons 
(IGB) that are usually temporary, endoscopically placed air 
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Sequential Intragastric Balloon Followed By Semaglutide in Obesity: A Comparative 
Study of 12-Month Weight Loss Outcomes

Teke E, Obesity Surgery 2026 

Conclusions: 
Ø Sequential administration of 

Sema after intragastric
balloon removal was
associated with greater
weight loss than either
therapy alone.

Ø These findings suggest that
strategic timing of 
combination therapy, rather
than concurrent use, may
optimize efficacy in non-
surgical obesity management. 
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FRQWUDVW�� WKH� ,*%���*/3���5$V�JURXS� VKRZHG�D� VXVWDLQHG�
decrease in BMI throughout the 12-month follow-up period 
(Fig. 1).

Discussion

7KLV� VWXG\� VXJJHVWV� WKDW� D� VHTXHQWLDO� WUHDWPHQW� VWUDWHJ\�
FRPELQLQJ�LQWUDJDVWULF�EDOORRQ�WKHUDS\�IROORZHG�E\�D�*/3���
receptor agonists is associated with greater weight loss at 
��� PRQWKV� FRPSDUHG� ZLWK� LQWUDJDVWULF� EDOORRQ� RU� */3���
5$V�PRQRWKHUDS\��$OWKRXJK�DOO�WKUHH�WUHDWPHQW�PRGDOLWLHV�
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VHTXHQWLDO� ,*%���*/3��� 5$V� JURXS�� +RZHYHU�� JLYHQ� WKH�
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¿QGLQJV�VKRXOG�EH�LQWHUSUHWHG�DV�DQ�DVVRFLDWLRQ�UDWKHU�WKDQ�
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*/3���5$V�� LQFOXGLQJ� OLUDJOXWLGH� DQG� VHPDJOXWLGH�� DUH�
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0HDQ� ERG\� PDVV� LQGH[� �%0,�� YDOXHV� DW� EDVHOLQH� ���
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Table 4� &KDQJHV�EHWZHHQ���DQG����0RQWKV��ǻ���í���
IGB */3���

5$V
,*%���*/3���
5$V

P 
value

Weight change 
�NJ�

����������� ����������� ���������� �������

7:/�FKDQJH���� ���������� ���������� ��������� �������
IGB intragastric balloon, GLP-1 RAs�JOXFDJRQ�OLNH�SHSWLGH���UHFHS-
tor agonists, TWL percentage total weight loss

Fig. 1� 0HDQ�ERG\�PDVV�LQGH[��%0,��DW�EDVHOLQH����PRQWKV��DQG����PRQWKV�DFFRUGLQJ�WR�WUHDWPHQW�JURXS��(UURU�EDUV�LQGLFDWH�����FRQ¿GHQFH�
intervals (All patients contributed data at all time points)
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Endoscopic Sleeve Gastroplasty combined with oral Semaglutide (2 wk after) for 
better control of weight and diabetes

Chung CS, Clin Endosc 2025 

Fig. 2. Comparison of total body weight loss (TBWL) and excess body weight loss (EBWL) between endoscopic sleeve gastroplasty (ESG) 
alone and combination of ESG and anti-obesity medication.

A meta-analysis of 1,772 patients from eight original articles 
showed that TBWL of 8.77%, 11.28%, 15.14%, 16.50%, and 
17.15% could be achieved by ESG at 1, 3, 6, 12, and 18 to 24 
months, respectively, after the procedure.7 Additionally, it is not 
only an efficient gastric approach method among endoscopic 
bariatric and metabolic therapies but also a safe alternative to 
bariatric surgery with severe AEs rate of 2.2% and zero mortal-
ity reported.7 With weight loss after ESG, comorbidities control 
with 7.8% reduction in HbA1c level and remission of hyper-
tension, dyslipidemia, and obstructive sleep apnea by 62.8%, 
56.3%, and 51.7% respectively, were reported in a meta-analysis 
of 7,525 patients.8 Recent advancements in AOM provide addi-
tional benefits in obesity control through conservative manage-
ment. A Brazilian retrospective study of prospectively collected 
data from patients undergoing ESG revealed superior TBWL 
at 7 months (20.51% vs. 24.72%, p<0.001) after initiation of 
liraglutide at 5 months after ESG.9 Another large-scale study of 
1,506 patients from a cohort in USA found that patients who 
were on an active AOM at the time of ESG had a significant 
lower TBWL than those not on AOM at 6 months after the 
procedure.10 Regarding durability, patients who were prescribed 
glucagon-like peptide-1 receptor analogs exhibited a trend 
towards increased weight loss at 18 and 24 months.10 No sig-
nificant AEs from AOM were reported on combining ESG and 
pharmacotherapy. These data indicate that additional weight 
loss can be achieved after ESG with the use of AOM. Further 
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Table 1. Demographic data and outcomes between endoscopic 
sleeve gastroplasty alone and combination group of ESG and an-
ti-obesity medication 

Variable ESG alone 
(n=10)

ESG combining 
AOM (n=8) p-value

Age (yr) 42.90±8.81 43.13±5.57 0.95
Sex (female/male) 6 (60.0)/4 (40.0) 4 (50.0)/4 (50.0) 0.67
BMI before ESG (kg/m2) 35.18±3.83 33.15±2.16 0.20
BMI at 6-mo after ESG 

(kg/m2)
28.95±0.97 26.43±0.78 <0.001

TBWL (%)
 1-mo 4.32 8.35 0.005
 3-mo 8.56 13.27 0.01
 6-mo 15.32 20.27 0.02
EBWL (%)
 1-mo 23.32 31.95 0.02
 3-mo 38.45 50.66 0.02
 6-mo 52.67 62.66 0.03
HbA1c reduction (%) 1.2±0.13 1.4±0.19 0.02
Dyslipidemia  

improvement
4 (40.0) 4 (50.0) 0.67

Procedure-related  
complication

 Abdominal pain 2 (20.0) 1 (12.5) 0.67
 Nausea 2 (20.0) 2 (25.0) 0.80
 Bleeding 1 (10.0) 0 (0) 0.36
 Perforation 0 (0) 0 (0) NA
Values are presented as mean±standard deviation or number (%) unless 
otherwise indicated.
ESG, endoscopic sleeve gastroplasty; AOM, anti-obesity medication; BMI, 
body mass index; TBWL, total body weight loss; EBWL, excess body 
weight loss; HbA1c, hemoglobin A1c; NA, not applicable.
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management are Intragastric Balloons (IGBs), endoscopic 
suturing techniques such as endoscopic sleeve gastrectomy 
(ESGs), duodenal mucosal resurfacing, and duodenal-jejunal 
bypass liner (endobarrier). All these therapies can be used as 
a primary treatment in patients with Class 1 obesity (BMI 
>30) or higher, who do not wish to undergo bariatric surgery, 
who are poor surgical candidates, or who do not wish to use 
pharmacotherapy for a long duration of time [Figure 1].

Intragastric Balloons (IGBs) 
Intragastric balloons (IGBs) are endoscopically placed devices 
that occupy space within the stomach [Figure 2]. They  
work by limiting the volume of food that can occupy the 
stomach and are generally categorized as restrictive in their 
function by reducing oral intake.  IGBs lead to early feelings 
of fullness or early satiety, and staying full for longer, also 
known as delayed gastric emptying. They can be placed as 
an outpatient endoscopic procedure, meaning the patient 
comes in, undergoes the endoscopic placement, and goes 
home the same day. There are multiple types of IGBs on the 

market, but only a few approved in the US by the FDA. Most 
of the current balloons are inserted into the stomach and 
then insufflated with sterile water, saline, or air. The vol-
ume of fluid placed within the balloons varies by manufac-
turing and by patient – how well they tolerate the volume, 
their symptoms, and their weight loss goals. The balloon is 
left in place within the stomach for 4–12 months. The ben-
efits of this procedure are that it can be easily placed and 
removed, can lead to 7–14% total weight loss,7 and can be 
widely adopted. Disadvantages include how well it is tol-
erated – some patients report significant nausea or other 
related unwanted symptoms, durability as it is temporary 
and must be removed, and side effects such as the balloons 
popping and migrating. This endoscopic weight loss modal-
ity is only currently recommended as a primary treatment 
and not in patients who have had previous foregut or bar-
iatric surgery. Compared with lifestyle modifications alone 
such as diet and exercise, these IGBs are more effective at 
short-term weight loss, with some studies illustrating 25% 
excess well loss (EWL).8 All in all, this is a great option for 
patients who want more powerful weight loss and improve-
ment in comorbidities than weight loss and exercise alone, 
with a short duration in therapy. 

Endoscopic Sleeve Gastrectomy 
This is a procedure that uses endoscopic suturing to plicate 
the stomach from the inside, meaning sewing it from the 
inside down into a smaller pouch. Using a special endo-
scopic instrument, the apollo overstitch, circumferential 
bites of stomach lining or gastric mucosa are taken and syn-
ched down [Figure 3]. This works as a weight loss tool in a 
similar way to the balloons – the suturing of the stomach 
from the inside makes the stomach much smaller, limiting 
the amount of food one can eat at a given time and increas-
ing the sensation of fullness. As most of the other endo-

scopic procedures, this is often 
a same-day procedure, where 
the patient can come into the 
endoscopy suite or operating  
room, has the endoscopic sleeve  
created, and go home the same 
day. An ESG is considered semi- 
permanent with restriction ef- 
fects that can last, and a ver-
sion of this technique can be 
performed in patients who’ve 
had previous foregut or bar-
iatric surgery. However, some 
of the sutures can open over-
time, leading to an increase in 
size of the stomach again, so 
it is surely not as permanent  
or durable as its sister surgical 
option, the sleeve gastrectomy. 
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Figure 1. Obesity treatments in order of advanced invasiveness and 

durability. 
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Figure 2. Intragastric balloon weight loss procedure 
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KWWSV���ZZZ�EULJKDPDQGZRPHQV�RUJ�FZPZ�HQGRVFRSLF 
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Outcomes of concomitant antiobesity medication use with Endoscopic Sleeve 
Gastroplasty in clinical US settings

Real Word 
1359 (90.2 %) no AOM use 

147 (9.8 %) AOM use
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groups with respect to obesity class 4Chi2sDuare p2value = 7$??65$ -here 
was a signiAcant difference in the percentage of patients who received 
+OMs by provider type 4Chi2sDuare p2value <7$7735$ Surgeons pre2
scribed +OM more freDuently than gastroenterologists 43<$? 9 
compared with @$? 9 respectively5$ -here were no differences in base2
line anthropomorphic data, including weight, height, and BM.$ 

3.2. Weight loss outcomes by time of AOM therapy 

Weight loss parameters by time from procedure to start +OM therapy 
are reported for BM. 4Supplementary -able 8S5, 9-BW/, and 9)W/ 
41ig$ 3a and bH detailed analyses in Supplementary -ables 3S and 6S5$ 0o 
differences were identiAed for BM. at any follow2up visit based on if or 
when +OMs were initiated$ With respect to -BW/9 and )W/9, only 
those patients who received +OMs after =2month follow2up did not 
demonstrate any weight gain at any follow2up visit$ + statistical differ2
ence was identiAed for -BW/9 at =2month 4p=7$7785 and 6>2month 
4p=7$73>5 follow2up visits, and )W/9 at 6>2month 4p=7$77?5 follow2 
up visits$ +t the =2month visit, patients who were on an active +OM at 
the time of the procedure had a signiAcantly lower -BW/9 as compared 
to patients who did not undergo medication co2therapy during the study$ 
+t the 6>2month visit, patients that were prescribed +OM after the 362 
month visit had a signiAcantly higher -BW/9 and )W/9 as 
compared to patients that were on active +OM at the time of the pro2
cedure$ 0o other comparisons were statistically signiAcant$ 

3.3. Weight loss outcomes by AOM class 

Weight loss parameters by time from procedure for patients that 
received +OM therapy are reported by medication class for 9-BW/ 
41ig$ 6, illustrated as -otal Body Weight Change 4-BWC5H detailed an2
alyses including BM., 9-BW/ and 9)W/ in Supplementary -ables >S, 
<S, =S5$ -here was no signiAcant difference between class of medications 
at any time point, however, patients on a G/&23R+ had a trend towards 
improved weight loss at 3@ and 6> months, compared to other 
medications$ 

3.4. Treatment response at end of study period 

+t 6> months, treatment responders 49-BW/≥375 by +OM use 
4-able 65 and time to +OM from procedure 4-able 85 were evaluated$ We 
have described the response rate for completers, as well as imputation 
analyses including /OC1, best2 and worst2case scenarios$ -here was no 
difference identiAed between groups based on +OM use 4p2value =
3$7775, implying that the percentage of responders to treatment with the 
use of medication is identical to that achieved without medication$ -his 
held true when ad'usted for baseline se:, age, and BM. 4p2value 7$7<5$ 
Similarly, the percentage of responders to treatment was similar no 
matter if or when weight loss medication was prescribed 4p2value =
7$7@@ for completers5$ 

3.5. Weight outcomes of matched cohort 

+ 3F3 matched cohort based on age and se: was reviewed 4age in no 
+OM vs +OM groupsF >>$73 ± ;$@ vs >8$<? ± 37$6<H se:, 9female in no 
+OM vs +OM groupsF @>$= vs$ @>$;5$ Weight loss at = months was 
signiAcantly different 43<$? ± <$; vs$ 3>$7 ± =$=, p < 7$735, however, 
similar 9-BW/ was noted at 36, 3@, and 6> months 436 monthsF 3?$= ±
@$> vs$ 3=$@ ± ;$7, p = 7$8?H 3@ monthsF 3<$@ ± ;$7 vs$ 3<$6 ± ;$=, p =
7$<?H 6> monthsF 3<$3 ± ;$6 vs$ 3>$? ± 37$=, p = 7$?85$ 

�. �i�cu��ion 

We present one of few studies focused on outcomes of )SG and 
+OMs, and the Arst to our (nowledge published from US data$ .n this 
large cohort of patients from across the United States, there are no sig2
niAcant differences in weight loss outcomes in patients who have un2
dergone )SG and received or not received concomitant 
pharmacotherapy$ Being a real2world study, +OMs were prescribed for 
patients who reported weight regain or poor weight loss, and generally 
not with an intention to augment weight outcomes$ .n this conte:t, it 
was interesting to note that this held true and patients who started +OMs 
at different time points from the procedure had non2inferior weight 
outcomes to those not on +OMs$ -hese data signal that using +OMs may 
help non2responders achieve similar outcomes to responders$ 

�i�. 1. a and bF 9-otal Body Weight /oss 4-BW/5 and 9):cess Weight /oss 4)W/5 outcomes by group and time from procedure$  

K. Gala et al.                                                                                                                                                                                                                                    
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Notably, it was seen that the peak %TBWL seen in patients who were 
started on AOMs after ESG occurred about 6–12 months after starting 
the medication. This was most clearly evidenced by patients in whom 
AOMs were started at or after 12 months, who achieved maximal weight 
loss, crossing 20 % TBWL, at 24 months. This was significantly higher 
than weight loss for other groups at this point; and indeed, the highest % 
TBWL was seen within all subgroups (described in Fig. 1 and Supple-
mentary Tables 1S and 2S). This was also noted in the completer’s 
analysis at 24 months, which demonstrates that almost 90 % of patients 
who started AOMs ≥ 12 months achieved a %TBWL of ≥10 %; compared 
to 70 % of patients not on AOMs, and only 50 % of patients who were on 
AOMs prior to ESG. This may be due to the fact that the maximal effect of 
the ESG is seen at 6–12 months, after which there may be a plateauing of 
weight; the addition of an AOM at that time likely potentiates and sus-
tains weight loss. It was also noteworthy that patients who were on an 
AOM prior to ESG had the lowest %TBWL of all groups, and the lowest 
response rate at 24 months. A possible explanation for this may be that 
these patients have already achieved some degree of weight loss, hence 
limiting the amount of weight loss that can be induced by the ESG 
(although this is not reLected by their BMI at different time points); or 
that they had maximized the efficacy of AOM prior to ESG. It is possible 
that these may be patients who have a different phenotype of obesity 
that may be more resistant to weight loss, and hence have been on an 
AOM even before undergoing ESG.ESG and GLP-1RAs share a common 
mechanism of weight loss (delayed gastric emptying), and hence for 
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loss. This heterogeneity of weight loss and different trajectories of 
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We also reviewed weight loss based on type of medication used. GLP- 
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TBWL. Real-world and trial data describe a mean %TBWL of about 10 % 
with the use of semaglutide, currently the most popular GLP-1RA in the 
United States [11,12]. Although we did note a trend towards higher 
weight loss with GLP1-RA used in conjunction with ESG compared to 

�i�. 2. %Total Body Weight Change (TBWC) outcomes by type of AOM.  

�a�le 2 
Responders by Anti-Obesity Medication Class at 24 months.  

Analysis Population AOM Class 

No AOM GLP-1 Non-GLP-1 
AOMs 

Completers N 269 20 50 
% 
(n) 

69.9 % 
(188) 

70.0 % 
(14) 

70.0 % (35) 

Last Observation Carried 
Forward 

N 1302 58 146 
% 
(n) 

61.8 % 
(804) 

67.2 % 
(39) 

69.9 % (102) 

Best Case Scenario N 1302 58 146 
% 
(n) 

93.8 % 
(1221) 

89.7 % 
(52) 

89.7 % (131) 
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% 
(n) 

14.4 % 
(188) 

24.1 % 
(14) 
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%Excess Weight Loss (EWL) outcomes by group and time from procedure. 
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AOM 12 mo from ESG

21.1 ± 10.0*

Conclusions
1.Patients who were prescribed AOMs after the 12-month visit
had a significantly higher TBWL% and EWL% at 24 months, as
compared to patients who were on active AOM at the time of the 
procedure. 
2.Patients on a GLP-1RA had a trend towards improved weight loss
at 18 and 24 months. 
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management are Intragastric Balloons (IGBs), endoscopic 
suturing techniques such as endoscopic sleeve gastrectomy 
(ESGs), duodenal mucosal resurfacing, and duodenal-jejunal 
bypass liner (endobarrier). All these therapies can be used as 
a primary treatment in patients with Class 1 obesity (BMI 
>30) or higher, who do not wish to undergo bariatric surgery, 
who are poor surgical candidates, or who do not wish to use 
pharmacotherapy for a long duration of time [Figure 1].

Intragastric Balloons (IGBs) 
Intragastric balloons (IGBs) are endoscopically placed devices 
that occupy space within the stomach [Figure 2]. They  
work by limiting the volume of food that can occupy the 
stomach and are generally categorized as restrictive in their 
function by reducing oral intake.  IGBs lead to early feelings 
of fullness or early satiety, and staying full for longer, also 
known as delayed gastric emptying. They can be placed as 
an outpatient endoscopic procedure, meaning the patient 
comes in, undergoes the endoscopic placement, and goes 
home the same day. There are multiple types of IGBs on the 

market, but only a few approved in the US by the FDA. Most 
of the current balloons are inserted into the stomach and 
then insufflated with sterile water, saline, or air. The vol-
ume of fluid placed within the balloons varies by manufac-
turing and by patient – how well they tolerate the volume, 
their symptoms, and their weight loss goals. The balloon is 
left in place within the stomach for 4–12 months. The ben-
efits of this procedure are that it can be easily placed and 
removed, can lead to 7–14% total weight loss,7 and can be 
widely adopted. Disadvantages include how well it is tol-
erated – some patients report significant nausea or other 
related unwanted symptoms, durability as it is temporary 
and must be removed, and side effects such as the balloons 
popping and migrating. This endoscopic weight loss modal-
ity is only currently recommended as a primary treatment 
and not in patients who have had previous foregut or bar-
iatric surgery. Compared with lifestyle modifications alone 
such as diet and exercise, these IGBs are more effective at 
short-term weight loss, with some studies illustrating 25% 
excess well loss (EWL).8 All in all, this is a great option for 
patients who want more powerful weight loss and improve-
ment in comorbidities than weight loss and exercise alone, 
with a short duration in therapy. 

Endoscopic Sleeve Gastrectomy 
This is a procedure that uses endoscopic suturing to plicate 
the stomach from the inside, meaning sewing it from the 
inside down into a smaller pouch. Using a special endo-
scopic instrument, the apollo overstitch, circumferential 
bites of stomach lining or gastric mucosa are taken and syn-
ched down [Figure 3]. This works as a weight loss tool in a 
similar way to the balloons – the suturing of the stomach 
from the inside makes the stomach much smaller, limiting 
the amount of food one can eat at a given time and increas-
ing the sensation of fullness. As most of the other endo-

scopic procedures, this is often 
a same-day procedure, where 
the patient can come into the 
endoscopy suite or operating  
room, has the endoscopic sleeve  
created, and go home the same 
day. An ESG is considered semi- 
permanent with restriction ef- 
fects that can last, and a ver-
sion of this technique can be 
performed in patients who’ve 
had previous foregut or bar-
iatric surgery. However, some 
of the sutures can open over-
time, leading to an increase in 
size of the stomach again, so 
it is surely not as permanent  
or durable as its sister surgical 
option, the sleeve gastrectomy. 
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Figure 1. Obesity treatments in order of advanced invasiveness and 

durability. 
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gastroplasty versus endoscopic sleeve gastroplasty alone: a systematic review and 
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the justification for combined therapy as a strategy for meta-
bolic optimization.

Although the combination of ESG and AOMs is concep-
tually appealing, given the complementary mechanisms of 
gastric restriction and neuro-hormonal modulation [24–29], 
the present findings reinforce an important methodological 
principle: biological plausibility does not equate to demon-
strated clinical superiority. While it is reasonable to hypoth-
esize that the integration of mechanical and pharmacological 
interventions could enhance and sustain weight loss [13, 14, 
22, 23], the current body of evidence does not consistently 

support this assumption when subjected to comparative 
analysis. From a clinical standpoint, this implies that the use 
of concomitant pharmacotherapy should not be interpreted 
as inherently superior, but rather as a potentially context-
dependent strategy whose benefits may vary according to 
patient characteristics, treatment timing, and therapeutic 
goals.

The present study also offers several strengths that con-
tribute to its relevance within the existing literature. First, it 
provides a focused and structured synthesis of a clinically 
relevant question that has not been adequately addressed by 

Fig. 2  Short-and long-term weight loss outcomes comparing ESG alone versus ESG combined with anti-obesity medication

Fig. 3  Pooled analysis of 
%TWL difference between ESG 
alone and ESG combined with 
medication
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Conclusions
ESG combined with AOMs may enhance early
weight loss in selected settings; however, 
current evidence does not support consistent
long-term superiority over ESG alone for 
weight or glycemic outcomes. Although the 
available data remain limited and 
heterogeneous, concomitant therapy may be 
considered in selected patients rather than as
a universally superior strategy. 
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diabetes, induce a negative energy balance by promoting urinary 
glucose excretion and modest weight loss [12]. GCGR agonists, 
in isolation or combined with GLP- 1 agonism, can increase en-
ergy expenditure and promote lipid oxidation. Agents that ac-
tivate brown adipose tissue or beige adipocyte thermogenesis 
(such as certain experimental β3- adrenergic agonists or GCG- 
containing peptides) aim to increase resting energy expenditure 
[10]. These peripherally acting drugs are attractive partners for 
centrally acting agents because they can enhance the metabolic 
efficiency of weight loss without further intensifying central ap-
petite suppression.

A third axis involves reward/hedonic and impulse- control 
pathways. Corticolimbic circuits, including dopaminergic 
pathways in the ventral striatum and prefrontal regulatory 
regions, mediate hedonic overeating and food- addiction- like 
behaviours [13]. Bupropion and naltrexone, by modulating 
dopaminergic and opioidergic signalling, appear particularly 
relevant for patients with high cravings, binge- eating ten-
dencies, or strong cue- driven intake [9]. TPM, via GABA/
glutamate modulation, also has evidence supporting its use 
to reduce binge- eating behaviour [8]. Conceptually, agents 
targeting this hedonic axis may be especially useful when 
combined with drugs that predominantly affect homeostatic 
appetite control to blunt relapse driven by stress, cues, or emo-
tional eating. These three mechanistic domains and represen-
tative agents are summarised schematically in Figure 1. These 
conceptual archetypes set the stage for currently approved 

clinical combinations and other two- drug regimens, which 
are discussed in the next section.

2.2   |   Types of Combination Strategies

Within these mechanistic axes, several broad strategic arche-
types for combination pharmacotherapy can be defined. The 
first is fixed- dose combinations with complementary mecha-
nisms. PHEN/TPM ER pairs a sympathomimetic with a neuro-
modulator to deliver greater weight loss than either component 
alone at the same doses, with evidence of improved durability 
[8]. NB similarly combines a dopaminergic–noradrenergic an-
tidepressant with an opioid receptor antagonist to augment 
POMC- mediated satiety and dampen reward- driven intake 
[9]. Bupropion/zonisamide, although less widely used, follows 
a similar logic: combining a monoaminergic agent with a neu-
romodulator that reduces appetite and may influence food re-
ward [14].

The second archetype is the multi- agonist single molecule, 
which embodies pharmacologic polytherapy within a single 
peptide or small molecule. Dual incretin agonists (GLP- 1/GIP) 
and triple agonists (GLP- 1/GIP/GCG) combine actions across 
multiple receptors that influence appetite, insulin secretion, 
lipid metabolism and energy expenditure. GLP- 1/GCG co- 
agonists aim to pair the anorectic and glucose- lowering effects 
of GLP- 1 with the thermogenic and lipid- oxidising properties 

FIGURE 1    |    Conceptual framework for combination obesity pharmacotherapy, mapping centrally acting agents, peripheral/metabolic targets and 
reward/hedonic pathway modulators to complementary mechanisms that reduce energy intake, enhance energy expenditure and support sustained 
weight loss with cardiometabolic improvement. ARC, arcuate nucleus; GABA, gamma- aminobutyric acid; GCG, glucagon; GI, gastrointestinal; GLP- 
1, glucagon- like peptide- 1; NAc, nucleus accumbens; NTS, nucleus tractus solitarius; PFC, prefrontal cortex; PVN, paraventricular nucleus; SGLT- 2, 
sodium- glucose cotransporter- 2; VTA, ventral tegmental area.
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diabetes, induce a negative energy balance by promoting urinary 
glucose excretion and modest weight loss [12]. GCGR agonists, 
in isolation or combined with GLP- 1 agonism, can increase en-
ergy expenditure and promote lipid oxidation. Agents that ac-
tivate brown adipose tissue or beige adipocyte thermogenesis 
(such as certain experimental β3- adrenergic agonists or GCG- 
containing peptides) aim to increase resting energy expenditure 
[10]. These peripherally acting drugs are attractive partners for 
centrally acting agents because they can enhance the metabolic 
efficiency of weight loss without further intensifying central ap-
petite suppression.

A third axis involves reward/hedonic and impulse- control 
pathways. Corticolimbic circuits, including dopaminergic 
pathways in the ventral striatum and prefrontal regulatory 
regions, mediate hedonic overeating and food- addiction- like 
behaviours [13]. Bupropion and naltrexone, by modulating 
dopaminergic and opioidergic signalling, appear particularly 
relevant for patients with high cravings, binge- eating ten-
dencies, or strong cue- driven intake [9]. TPM, via GABA/
glutamate modulation, also has evidence supporting its use 
to reduce binge- eating behaviour [8]. Conceptually, agents 
targeting this hedonic axis may be especially useful when 
combined with drugs that predominantly affect homeostatic 
appetite control to blunt relapse driven by stress, cues, or emo-
tional eating. These three mechanistic domains and represen-
tative agents are summarised schematically in Figure 1. These 
conceptual archetypes set the stage for currently approved 

clinical combinations and other two- drug regimens, which 
are discussed in the next section.

2.2   |   Types of Combination Strategies

Within these mechanistic axes, several broad strategic arche-
types for combination pharmacotherapy can be defined. The 
first is fixed- dose combinations with complementary mecha-
nisms. PHEN/TPM ER pairs a sympathomimetic with a neuro-
modulator to deliver greater weight loss than either component 
alone at the same doses, with evidence of improved durability 
[8]. NB similarly combines a dopaminergic–noradrenergic an-
tidepressant with an opioid receptor antagonist to augment 
POMC- mediated satiety and dampen reward- driven intake 
[9]. Bupropion/zonisamide, although less widely used, follows 
a similar logic: combining a monoaminergic agent with a neu-
romodulator that reduces appetite and may influence food re-
ward [14].

The second archetype is the multi- agonist single molecule, 
which embodies pharmacologic polytherapy within a single 
peptide or small molecule. Dual incretin agonists (GLP- 1/GIP) 
and triple agonists (GLP- 1/GIP/GCG) combine actions across 
multiple receptors that influence appetite, insulin secretion, 
lipid metabolism and energy expenditure. GLP- 1/GCG co- 
agonists aim to pair the anorectic and glucose- lowering effects 
of GLP- 1 with the thermogenic and lipid- oxidising properties 

FIGURE 1    |    Conceptual framework for combination obesity pharmacotherapy, mapping centrally acting agents, peripheral/metabolic targets and 
reward/hedonic pathway modulators to complementary mechanisms that reduce energy intake, enhance energy expenditure and support sustained 
weight loss with cardiometabolic improvement. ARC, arcuate nucleus; GABA, gamma- aminobutyric acid; GCG, glucagon; GI, gastrointestinal; GLP- 
1, glucagon- like peptide- 1; NAc, nucleus accumbens; NTS, nucleus tractus solitarius; PFC, prefrontal cortex; PVN, paraventricular nucleus; SGLT- 2, 
sodium- glucose cotransporter- 2; VTA, ventral tegmental area.
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diabetes, induce a negative energy balance by promoting urinary 
glucose excretion and modest weight loss [12]. GCGR agonists, 
in isolation or combined with GLP- 1 agonism, can increase en-
ergy expenditure and promote lipid oxidation. Agents that ac-
tivate brown adipose tissue or beige adipocyte thermogenesis 
(such as certain experimental β3- adrenergic agonists or GCG- 
containing peptides) aim to increase resting energy expenditure 
[10]. These peripherally acting drugs are attractive partners for 
centrally acting agents because they can enhance the metabolic 
efficiency of weight loss without further intensifying central ap-
petite suppression.

A third axis involves reward/hedonic and impulse- control 
pathways. Corticolimbic circuits, including dopaminergic 
pathways in the ventral striatum and prefrontal regulatory 
regions, mediate hedonic overeating and food- addiction- like 
behaviours [13]. Bupropion and naltrexone, by modulating 
dopaminergic and opioidergic signalling, appear particularly 
relevant for patients with high cravings, binge- eating ten-
dencies, or strong cue- driven intake [9]. TPM, via GABA/
glutamate modulation, also has evidence supporting its use 
to reduce binge- eating behaviour [8]. Conceptually, agents 
targeting this hedonic axis may be especially useful when 
combined with drugs that predominantly affect homeostatic 
appetite control to blunt relapse driven by stress, cues, or emo-
tional eating. These three mechanistic domains and represen-
tative agents are summarised schematically in Figure 1. These 
conceptual archetypes set the stage for currently approved 
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are discussed in the next section.
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[9]. Bupropion/zonisamide, although less widely used, follows 
a similar logic: combining a monoaminergic agent with a neu-
romodulator that reduces appetite and may influence food re-
ward [14].

The second archetype is the multi- agonist single molecule, 
which embodies pharmacologic polytherapy within a single 
peptide or small molecule. Dual incretin agonists (GLP- 1/GIP) 
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multiple receptors that influence appetite, insulin secretion, 
lipid metabolism and energy expenditure. GLP- 1/GCG co- 
agonists aim to pair the anorectic and glucose- lowering effects 
of GLP- 1 with the thermogenic and lipid- oxidising properties 

FIGURE 1    |    Conceptual framework for combination obesity pharmacotherapy, mapping centrally acting agents, peripheral/metabolic targets and 
reward/hedonic pathway modulators to complementary mechanisms that reduce energy intake, enhance energy expenditure and support sustained 
weight loss with cardiometabolic improvement. ARC, arcuate nucleus; GABA, gamma- aminobutyric acid; GCG, glucagon; GI, gastrointestinal; GLP- 
1, glucagon- like peptide- 1; NAc, nucleus accumbens; NTS, nucleus tractus solitarius; PFC, prefrontal cortex; PVN, paraventricular nucleus; SGLT- 2, 
sodium- glucose cotransporter- 2; VTA, ventral tegmental area.

 23989238, 2026, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/edm

2.70307 by C
rui C

onferenza D
ei R

ettori D
elle U

niversità Italiane, W
iley O

nline Library on [14/09/2026]. See the Term
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons License

3 of 16Endocrinology, Diabetes & Metabolism, 2026

diabetes, induce a negative energy balance by promoting urinary 
glucose excretion and modest weight loss [12]. GCGR agonists, 
in isolation or combined with GLP- 1 agonism, can increase en-
ergy expenditure and promote lipid oxidation. Agents that ac-
tivate brown adipose tissue or beige adipocyte thermogenesis 
(such as certain experimental β3- adrenergic agonists or GCG- 
containing peptides) aim to increase resting energy expenditure 
[10]. These peripherally acting drugs are attractive partners for 
centrally acting agents because they can enhance the metabolic 
efficiency of weight loss without further intensifying central ap-
petite suppression.

A third axis involves reward/hedonic and impulse- control 
pathways. Corticolimbic circuits, including dopaminergic 
pathways in the ventral striatum and prefrontal regulatory 
regions, mediate hedonic overeating and food- addiction- like 
behaviours [13]. Bupropion and naltrexone, by modulating 
dopaminergic and opioidergic signalling, appear particularly 
relevant for patients with high cravings, binge- eating ten-
dencies, or strong cue- driven intake [9]. TPM, via GABA/
glutamate modulation, also has evidence supporting its use 
to reduce binge- eating behaviour [8]. Conceptually, agents 
targeting this hedonic axis may be especially useful when 
combined with drugs that predominantly affect homeostatic 
appetite control to blunt relapse driven by stress, cues, or emo-
tional eating. These three mechanistic domains and represen-
tative agents are summarised schematically in Figure 1. These 
conceptual archetypes set the stage for currently approved 

clinical combinations and other two- drug regimens, which 
are discussed in the next section.
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alone at the same doses, with evidence of improved durability 
[8]. NB similarly combines a dopaminergic–noradrenergic an-
tidepressant with an opioid receptor antagonist to augment 
POMC- mediated satiety and dampen reward- driven intake 
[9]. Bupropion/zonisamide, although less widely used, follows 
a similar logic: combining a monoaminergic agent with a neu-
romodulator that reduces appetite and may influence food re-
ward [14].

The second archetype is the multi- agonist single molecule, 
which embodies pharmacologic polytherapy within a single 
peptide or small molecule. Dual incretin agonists (GLP- 1/GIP) 
and triple agonists (GLP- 1/GIP/GCG) combine actions across 
multiple receptors that influence appetite, insulin secretion, 
lipid metabolism and energy expenditure. GLP- 1/GCG co- 
agonists aim to pair the anorectic and glucose- lowering effects 
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FIGURE 1    |    Conceptual framework for combination obesity pharmacotherapy, mapping centrally acting agents, peripheral/metabolic targets and 
reward/hedonic pathway modulators to complementary mechanisms that reduce energy intake, enhance energy expenditure and support sustained 
weight loss with cardiometabolic improvement. ARC, arcuate nucleus; GABA, gamma- aminobutyric acid; GCG, glucagon; GI, gastrointestinal; GLP- 
1, glucagon- like peptide- 1; NAc, nucleus accumbens; NTS, nucleus tractus solitarius; PFC, prefrontal cortex; PVN, paraventricular nucleus; SGLT- 2, 
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diabetes, induce a negative energy balance by promoting urinary 
glucose excretion and modest weight loss [12]. GCGR agonists, 
in isolation or combined with GLP- 1 agonism, can increase en-
ergy expenditure and promote lipid oxidation. Agents that ac-
tivate brown adipose tissue or beige adipocyte thermogenesis 
(such as certain experimental β3- adrenergic agonists or GCG- 
containing peptides) aim to increase resting energy expenditure 
[10]. These peripherally acting drugs are attractive partners for 
centrally acting agents because they can enhance the metabolic 
efficiency of weight loss without further intensifying central ap-
petite suppression.

A third axis involves reward/hedonic and impulse- control 
pathways. Corticolimbic circuits, including dopaminergic 
pathways in the ventral striatum and prefrontal regulatory 
regions, mediate hedonic overeating and food- addiction- like 
behaviours [13]. Bupropion and naltrexone, by modulating 
dopaminergic and opioidergic signalling, appear particularly 
relevant for patients with high cravings, binge- eating ten-
dencies, or strong cue- driven intake [9]. TPM, via GABA/
glutamate modulation, also has evidence supporting its use 
to reduce binge- eating behaviour [8]. Conceptually, agents 
targeting this hedonic axis may be especially useful when 
combined with drugs that predominantly affect homeostatic 
appetite control to blunt relapse driven by stress, cues, or emo-
tional eating. These three mechanistic domains and represen-
tative agents are summarised schematically in Figure 1. These 
conceptual archetypes set the stage for currently approved 

clinical combinations and other two- drug regimens, which 
are discussed in the next section.

2.2   |   Types of Combination Strategies

Within these mechanistic axes, several broad strategic arche-
types for combination pharmacotherapy can be defined. The 
first is fixed- dose combinations with complementary mecha-
nisms. PHEN/TPM ER pairs a sympathomimetic with a neuro-
modulator to deliver greater weight loss than either component 
alone at the same doses, with evidence of improved durability 
[8]. NB similarly combines a dopaminergic–noradrenergic an-
tidepressant with an opioid receptor antagonist to augment 
POMC- mediated satiety and dampen reward- driven intake 
[9]. Bupropion/zonisamide, although less widely used, follows 
a similar logic: combining a monoaminergic agent with a neu-
romodulator that reduces appetite and may influence food re-
ward [14].

The second archetype is the multi- agonist single molecule, 
which embodies pharmacologic polytherapy within a single 
peptide or small molecule. Dual incretin agonists (GLP- 1/GIP) 
and triple agonists (GLP- 1/GIP/GCG) combine actions across 
multiple receptors that influence appetite, insulin secretion, 
lipid metabolism and energy expenditure. GLP- 1/GCG co- 
agonists aim to pair the anorectic and glucose- lowering effects 
of GLP- 1 with the thermogenic and lipid- oxidising properties 

FIGURE 1    |    Conceptual framework for combination obesity pharmacotherapy, mapping centrally acting agents, peripheral/metabolic targets and 
reward/hedonic pathway modulators to complementary mechanisms that reduce energy intake, enhance energy expenditure and support sustained 
weight loss with cardiometabolic improvement. ARC, arcuate nucleus; GABA, gamma- aminobutyric acid; GCG, glucagon; GI, gastrointestinal; GLP- 
1, glucagon- like peptide- 1; NAc, nucleus accumbens; NTS, nucleus tractus solitarius; PFC, prefrontal cortex; PVN, paraventricular nucleus; SGLT- 2, 
sodium- glucose cotransporter- 2; VTA, ventral tegmental area.
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diabetes, induce a negative energy balance by promoting urinary 
glucose excretion and modest weight loss [12]. GCGR agonists, 
in isolation or combined with GLP- 1 agonism, can increase en-
ergy expenditure and promote lipid oxidation. Agents that ac-
tivate brown adipose tissue or beige adipocyte thermogenesis 
(such as certain experimental β3- adrenergic agonists or GCG- 
containing peptides) aim to increase resting energy expenditure 
[10]. These peripherally acting drugs are attractive partners for 
centrally acting agents because they can enhance the metabolic 
efficiency of weight loss without further intensifying central ap-
petite suppression.

A third axis involves reward/hedonic and impulse- control 
pathways. Corticolimbic circuits, including dopaminergic 
pathways in the ventral striatum and prefrontal regulatory 
regions, mediate hedonic overeating and food- addiction- like 
behaviours [13]. Bupropion and naltrexone, by modulating 
dopaminergic and opioidergic signalling, appear particularly 
relevant for patients with high cravings, binge- eating ten-
dencies, or strong cue- driven intake [9]. TPM, via GABA/
glutamate modulation, also has evidence supporting its use 
to reduce binge- eating behaviour [8]. Conceptually, agents 
targeting this hedonic axis may be especially useful when 
combined with drugs that predominantly affect homeostatic 
appetite control to blunt relapse driven by stress, cues, or emo-
tional eating. These three mechanistic domains and represen-
tative agents are summarised schematically in Figure 1. These 
conceptual archetypes set the stage for currently approved 

clinical combinations and other two- drug regimens, which 
are discussed in the next section.

2.2   |   Types of Combination Strategies

Within these mechanistic axes, several broad strategic arche-
types for combination pharmacotherapy can be defined. The 
first is fixed- dose combinations with complementary mecha-
nisms. PHEN/TPM ER pairs a sympathomimetic with a neuro-
modulator to deliver greater weight loss than either component 
alone at the same doses, with evidence of improved durability 
[8]. NB similarly combines a dopaminergic–noradrenergic an-
tidepressant with an opioid receptor antagonist to augment 
POMC- mediated satiety and dampen reward- driven intake 
[9]. Bupropion/zonisamide, although less widely used, follows 
a similar logic: combining a monoaminergic agent with a neu-
romodulator that reduces appetite and may influence food re-
ward [14].

The second archetype is the multi- agonist single molecule, 
which embodies pharmacologic polytherapy within a single 
peptide or small molecule. Dual incretin agonists (GLP- 1/GIP) 
and triple agonists (GLP- 1/GIP/GCG) combine actions across 
multiple receptors that influence appetite, insulin secretion, 
lipid metabolism and energy expenditure. GLP- 1/GCG co- 
agonists aim to pair the anorectic and glucose- lowering effects 
of GLP- 1 with the thermogenic and lipid- oxidising properties 

FIGURE 1    |    Conceptual framework for combination obesity pharmacotherapy, mapping centrally acting agents, peripheral/metabolic targets and 
reward/hedonic pathway modulators to complementary mechanisms that reduce energy intake, enhance energy expenditure and support sustained 
weight loss with cardiometabolic improvement. ARC, arcuate nucleus; GABA, gamma- aminobutyric acid; GCG, glucagon; GI, gastrointestinal; GLP- 
1, glucagon- like peptide- 1; NAc, nucleus accumbens; NTS, nucleus tractus solitarius; PFC, prefrontal cortex; PVN, paraventricular nucleus; SGLT- 2, 
sodium- glucose cotransporter- 2; VTA, ventral tegmental area.
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diabetes, induce a negative energy balance by promoting urinary 
glucose excretion and modest weight loss [12]. GCGR agonists, 
in isolation or combined with GLP- 1 agonism, can increase en-
ergy expenditure and promote lipid oxidation. Agents that ac-
tivate brown adipose tissue or beige adipocyte thermogenesis 
(such as certain experimental β3- adrenergic agonists or GCG- 
containing peptides) aim to increase resting energy expenditure 
[10]. These peripherally acting drugs are attractive partners for 
centrally acting agents because they can enhance the metabolic 
efficiency of weight loss without further intensifying central ap-
petite suppression.

A third axis involves reward/hedonic and impulse- control 
pathways. Corticolimbic circuits, including dopaminergic 
pathways in the ventral striatum and prefrontal regulatory 
regions, mediate hedonic overeating and food- addiction- like 
behaviours [13]. Bupropion and naltrexone, by modulating 
dopaminergic and opioidergic signalling, appear particularly 
relevant for patients with high cravings, binge- eating ten-
dencies, or strong cue- driven intake [9]. TPM, via GABA/
glutamate modulation, also has evidence supporting its use 
to reduce binge- eating behaviour [8]. Conceptually, agents 
targeting this hedonic axis may be especially useful when 
combined with drugs that predominantly affect homeostatic 
appetite control to blunt relapse driven by stress, cues, or emo-
tional eating. These three mechanistic domains and represen-
tative agents are summarised schematically in Figure 1. These 
conceptual archetypes set the stage for currently approved 

clinical combinations and other two- drug regimens, which 
are discussed in the next section.

2.2   |   Types of Combination Strategies

Within these mechanistic axes, several broad strategic arche-
types for combination pharmacotherapy can be defined. The 
first is fixed- dose combinations with complementary mecha-
nisms. PHEN/TPM ER pairs a sympathomimetic with a neuro-
modulator to deliver greater weight loss than either component 
alone at the same doses, with evidence of improved durability 
[8]. NB similarly combines a dopaminergic–noradrenergic an-
tidepressant with an opioid receptor antagonist to augment 
POMC- mediated satiety and dampen reward- driven intake 
[9]. Bupropion/zonisamide, although less widely used, follows 
a similar logic: combining a monoaminergic agent with a neu-
romodulator that reduces appetite and may influence food re-
ward [14].

The second archetype is the multi- agonist single molecule, 
which embodies pharmacologic polytherapy within a single 
peptide or small molecule. Dual incretin agonists (GLP- 1/GIP) 
and triple agonists (GLP- 1/GIP/GCG) combine actions across 
multiple receptors that influence appetite, insulin secretion, 
lipid metabolism and energy expenditure. GLP- 1/GCG co- 
agonists aim to pair the anorectic and glucose- lowering effects 
of GLP- 1 with the thermogenic and lipid- oxidising properties 

FIGURE 1    |    Conceptual framework for combination obesity pharmacotherapy, mapping centrally acting agents, peripheral/metabolic targets and 
reward/hedonic pathway modulators to complementary mechanisms that reduce energy intake, enhance energy expenditure and support sustained 
weight loss with cardiometabolic improvement. ARC, arcuate nucleus; GABA, gamma- aminobutyric acid; GCG, glucagon; GI, gastrointestinal; GLP- 
1, glucagon- like peptide- 1; NAc, nucleus accumbens; NTS, nucleus tractus solitarius; PFC, prefrontal cortex; PVN, paraventricular nucleus; SGLT- 2, 
sodium- glucose cotransporter- 2; VTA, ventral tegmental area.
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testing and contraceptive counselling for women of childbear-
ing potential. Thus, PHEN/TPM ER is usually effective when 
used with carefully chosen combinations but needs close mon-
itoring for cardiovascular, neuropsychiatric and reproductive 
safety [8, 19].

3.1.2   |   Naltrexone/Bupropion

The NB FDC acts via another pathway, through the ef-
fect on hypothalamic POMC neurons and the corticolim-
bic reward system. Bupropion increases POMC activity and 

alpha- melanocyte- stimulating hormone release, thereby pro-
moting satiety via dopaminergic and noradrenergic pathways. 
At the same time, naltrexone blocks the autoinhibitory opioid 
feedback to POMC neurons, thereby reducing opioid- driven re-
ward responses. Together, these effects strengthen natural sati-
ety signals and reduce the likelihood of pleasure- , craving- , or 
cue- driven overeating [9]. In COR- I, COR- II and related phase 
3 RCTs, NB produced a mean placebo- subtracted weight loss 
of approximately 4%–5% at 1 year, with higher proportions of 
patients achieving clinically meaningful thresholds (≥ 5% and 
≥ 10%) than placebo. Additional benefits included modest im-
provements in HbA1c, fasting glucose, triglycerides and HDL 

FIGURE 2    |    Clinical archetypes of combination pharmacotherapy for obesity. The four panels illustrate fixed- dose oral combinations, single- 
molecule multi- agonists, add- on/stacked GLP- 1–based regimens, and multimodal strategies that integrate pharmacotherapy with bariatric or endo-
scopic procedures, arranged along a continuum of treatment intensity and complexity. All pharmacologic approaches are implemented on a foun-
dation of medical nutrition therapy and lifestyle intervention, typically emphasising energy restriction, higher protein intake, physical activity and 
behavioural support. ER, extended- release; GCG, glucagon; GIP, glucose- dependent insulinotropic polypeptide; GLP- 1, glucagon- like peptide- 1; RA, 
receptor agonist; RCT, randomised controlled trial; SGLT2, sodium–glucose cotransporter- 2.
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testing and contraceptive counselling for women of childbear-
ing potential. Thus, PHEN/TPM ER is usually effective when 
used with carefully chosen combinations but needs close mon-
itoring for cardiovascular, neuropsychiatric and reproductive 
safety [8, 19].

3.1.2   |   Naltrexone/Bupropion

The NB FDC acts via another pathway, through the ef-
fect on hypothalamic POMC neurons and the corticolim-
bic reward system. Bupropion increases POMC activity and 

alpha- melanocyte- stimulating hormone release, thereby pro-
moting satiety via dopaminergic and noradrenergic pathways. 
At the same time, naltrexone blocks the autoinhibitory opioid 
feedback to POMC neurons, thereby reducing opioid- driven re-
ward responses. Together, these effects strengthen natural sati-
ety signals and reduce the likelihood of pleasure- , craving- , or 
cue- driven overeating [9]. In COR- I, COR- II and related phase 
3 RCTs, NB produced a mean placebo- subtracted weight loss 
of approximately 4%–5% at 1 year, with higher proportions of 
patients achieving clinically meaningful thresholds (≥ 5% and 
≥ 10%) than placebo. Additional benefits included modest im-
provements in HbA1c, fasting glucose, triglycerides and HDL 

FIGURE 2    |    Clinical archetypes of combination pharmacotherapy for obesity. The four panels illustrate fixed- dose oral combinations, single- 
molecule multi- agonists, add- on/stacked GLP- 1–based regimens, and multimodal strategies that integrate pharmacotherapy with bariatric or endo-
scopic procedures, arranged along a continuum of treatment intensity and complexity. All pharmacologic approaches are implemented on a foun-
dation of medical nutrition therapy and lifestyle intervention, typically emphasising energy restriction, higher protein intake, physical activity and 
behavioural support. ER, extended- release; GCG, glucagon; GIP, glucose- dependent insulinotropic polypeptide; GLP- 1, glucagon- like peptide- 1; RA, 
receptor agonist; RCT, randomised controlled trial; SGLT2, sodium–glucose cotransporter- 2.
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Conclusions

• ESG combined with AOMs may enhance early weight loss in selected
settings with strategic timing of combination therapy, rather than
concurrent use.
• However, current evidence does not support consistent long-term

superiority over ESG alone for weight or glycemic outcomes. 
• Although the available data remain limited and heterogeneous, 

combination therapy may be considered in selected patients rather than as
a universally superior strategy. 
• Multicenter randomized trials with standardized pharmacotherapy

protocols, longer follow-up, and improved patient stratification are needed
to clarify durability, cost-effectiveness, and the subgroups most likely to 
benefit. 



Choy K, et al. Surg Endosc August  2024

Ø All patients were enrolled in a multidisciplinary weight management program for 12 weeks. 
Outcomes measured were patients’ weights at 0, 3, 6, and 12 months and weight change for these 
intervals. Mean initial BMI was 37 ± 5.9 kg/m2.

Ø 17 patients: Intragastric balloon (IGB) 
placement;

Ø 96 patients: Semaglutide up to 2.4 mg 



adjunctive AOM following ESG improves weight loss outcomes from 15 –21% TWL with ESG alone to 17 – 25% TWL when
combined with GLP-1 RAs

TABLE 1 Primary endoscopic sleeve and anti-obesity medicine.

Study Drug Endoscopic
intervention

Intervention Patient profile Time since surgery Results

2025 Chung et al.
Endoscopic sleeve gastroplasty
combined with anti-obesity
medication for better control
of weight and diabetes

N=18
10 ESG monotherapy
8 ESG + semaglutide

18 ESG using the OverStitch
Sx suturing system (Apollo

Endosurgery Inc.)O

Retrospective study; ESG alone
or in combination with
semaglutide

Patients with obesity who
underwent ESG

Semaglutide in the
combination group started the
second week after ESG

% TWL 6 months:
ESG monotherapy: 15.32
ESG + semaglutide: 20.27
(p = 0.02)

2024 Jirapinyo et al.
Efficacy of anti-obesity
medication (AOM) and
endoscopic gastric remodeling
(EGR) Analysis of combination
therapy with optimal timing
and agents

N=208
65 EGR monotherapy
19 EGR + GLP-1RA
42 EGR + other AOM
21 EGR then AOM after six
months
61 AOM then EGR after six
months

208 EGR using the Overstitch
endoscopic suturing device
(Boston Scientific,
Marlborough, Massachusetts,
United States) or the
Incisionless Operating
Platform (USGI Medical, San
Clemente, Calif, USA)

Retrospective review of
prospectively collected data;
EGR as monotherapy or in
combination with AOM
started within or after 6
months prior to or after EGR
and concomitant moderate
lifestyle modification after the
procedure.

Patients with obesity, defined
as BMI ≥30kg/m², or who are
overweight, defined as BMI ≥
27kg/m² with at least one
obesity-related comorbidity
such as hypertension,
hyperlipidemia, diabetes/
prediabetes and metabolic
dysfunction-associated liver
disease.

AOM within or after 6
months of EGR

% TWL 12 months
EGR monotherapy: 17.3 ± 10.0
EGR + GLP1-RA: 23.7 ± 4.6 (p
= 0.04)
EGR + AOM: 18
ERG followed by AOM: 14.7
AOM followed by EGR: 12.0 ±
7.7
(p = 0.03)

2024 Gala et al.
Outcomes of concomitant
antiobesity medication use
with endoscopic sleeve
gastroplasty in clinical US
settings

N=1.506
1.302 ESG monotherapy
58 GLP-1RA
146 Others (phentermine,
phentermine-topiramate,
bupropion-naltrexone, orlistat)

1.506 ESG using the

Overstitch™ device (Apollo
Endosurgery, Austin, Texas,
USA)

Retrospective analysis; start
anti-obesity medicine within 2
years after endoscopic sleeve
gastroplasty

Patients who started anti-
obesity medication after ESG.
Reasons for starting are not
mentioned.

<6 months after ESG
6–12 months after ESG
>12 months after ESG

% TWL 24 months
ESG monotherapy: 15.4 CI
14.2 – 16.6
ESG + GLP-1:
16.7 ± 11.9
ESG + other AOM:
14.2 ± 10.1
(p = not mentioned)

2021 Badurdeen et al.
Endoscopic sleeve gastroplasty
plus liraglutide versus
endoscopic sleeve gastroplasty
alone for weight loss

N=52
26 ESG monotherapy
26 ESG + liraglutide

56 ESG using the OverStitch;
Apollo Endosurgery, Austin,
Tex, USA)

Retrospective study;
comparing the effect of
additional liraglutide after
ESG.

Patients aged >18 with a BMI
>27kg/m² who were unable to
achieve weight loss through
intense diet and lifestyle
modifications

In months:
5

% TWL 7 months
ESG monotherapy: 20.51 ±
1.68
ESG + liraglutide: 24.72 ± 2.12
(p = <0.001)
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GI motility effects of GLP-1 RAs at each level of the GI tractCurrent Gastroenterology Reports (2025) 27:49

which GLP-1 RAs promote satiety and reduce post-prandial 
glucose surges.

Large Bowel Motility

7KH� H൵HFWV� RI�*/3���5$V�RQ� FRORQLF�PRWLOLW\� DUH� SRRUO\�
understood and results are mixed among animal and human 
studies. In rats, administration of intracerebroventricular 
GLP-1 resulted in increased fecal pellet output, which was 
reversed by administration of a GLP-1 receptor antagonist 
[47]. This result suggests a central mechanism by which 
GLP-1 promotes increased colonic motility. However, other 
studies suggest an inhibitory role of GLP-1 in colonic motil-
ity. An in vitro study with human colonic tissue demon-
strated decreased amplitude of colonic contractions but no 
change in frequency or resting basal tone with exposure to 
GLP-1 [19]. Further, prolonged colonic motility is observed 
in humans with GLP-1-producing neuroendocrine tumors 
[48@��7KH�VLGH�H൵HFW�SUR¿OH�RI�*/3���5$V�IXUWKHU�VXSSRUWV�

Small Bowel Motility

GLP-1 inhibits small bowel motility through reduction in 
migrating motor complex (MMC) frequency. Infusion of 
physiologic levels of GLP-1 in rats prolonged the MMC 
cycle length and slowed small bowel transit [43@��7KLV�H൵HFW�
was nitrogen oxide-dependent in the fasted state and nitro-
gen oxide-independent in the fed state [43]. Multiple human 
VWXGLHV� FRQ¿UP� */3��� PHGLDWHG� GHOD\� LQ� VPDOO� ERZHO�
transit. In a RCT of healthy and IBS patients, continuous 
GLP-1 infusion was associated with a decrease in small 
bowel MMC frequency [44]. Additionally, administration 
of the GLP-1 RA exenatide inhibited small bowel motility, 
ÀRZ��WUDQVLW��DQG�JOXFRVH�DEVRUSWLRQ�LQ�KHDOWK\�SDWLHQWV�DQG�
patients with T2DM [45]. Further supporting a role in inhib-
iting small bowel motility, there are case reports describing 
the use of GLP-1 RAs to aid in reducing bowel frequency 
in IBD patients with short gut syndrome [46]. Inhibition of 
small bowel motility may be an additional mechanism by 

Fig. 3� 6XPPDU\�RI�SURSRVHG�*,�PRWLOLW\�H൵HFWV�RI�*/3���5$V�DW�HDFK�
level of the GI tract. GLP-1 receptors are variably expressed through-
RXW� WKH� *,� WUDFW� LQFOXGLQJ� ZLWKLQ� WKH� QHUYH� ¿EHUV� RI� WKH� P\HQWHULF�
plexus at all levels. Within the esophagus, GLP-1 is associated with 
increased lower esophageal sphincter (LES) relaxation frequency as 
ZHOO�DV�LQFUHDVHG�IUHTXHQF\�RI�UHÀX[�HYHQWV��+RZHYHU��ZKHWKHU�WKHVH�
DUH�SULPDU\�H൵HFWV�RU�VHFRQGDU\�WR�GHOD\HG�JDVWULF�HPSW\LQJ�UHPDLQV�
unclear. Within the stomach, GLP-1 promotes delayed gastric emp-
tying by enhancing accommodation, decreasing antral motility in the 
digestive and interdigestive periods, enhancing pyloric tone, increas-
ing sympathetic tone, and decreasing parasympathetic tone. GLP-1 
inhibits small and large bowel motility through reduction in migrating 

motor complex (MMC) frequency. Some animal studies also suggest 
an increase in large bowel motility. GLP-1 RAs increase the risk of 
cholestatic disease, but GLP-1 studies on biliary motility are limited. 
Some studies show an association with decreased CCK production and 
JDOOEODGGHU� HMHFWLRQ� IUDFWLRQ��*/3���PD\� DOVR� LQÀXHQFH�*,�PRWLOLW\�
through altered gut microbial composition and metabolite produc-
WLRQ�� )LQDOO\�� */3��� LQÀXHQFHV� *,� PRWLOLW\� WKURXJK� VHYHUDO� FHQWUDO�
and peripheral neurologic mechanisms, including promoting central 
satiety, modulating central reward pathways, and modifying peripheral 
sympathetic and parasympathetic tone. [Figure created in BioRender. 
Bellavance, D. (2025) https://BioRender.com/t05a207]
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Clinical )se of *+P,1 and *+P,1/*IP R-s
Approved Agents and Dosing
GLP-1 RAs have a relatively long half-life of appro5imately one %eek. 6hey increase glucose-dependent insulin 
secretion& suppress glucagon release& and slo% gastric emptying by activating speci3c receptors in the gut and 
hypothalamus& thereby suppressing appetite and contributing to %eight loss. ;igure 1 summari,es a conceptual 
overvie% rather than a single e5perimental model& developed on the basis of published evidence& %ith the aim of 
facilitating the understanding of central and peripheral path%ays involved in the GI effects associated %ith GLP-1 
receptor agonists.

0ual agonists that activate both GLP-1 and GIP receptors have been sho%n to provide more pronounced %eight loss& 
better glycemic control& and better metabolic outcomes compared to GLP-1 RAs alone.7

GLP-1 RAs are typically administered using pre3lled single-use in@ection pens& %ith in@ections given in the abdomen& 
thigh& or upper arm. 6itration schedules are generally planned to minimi,e early GI side effects. 6reatment typically 
begins %ith a lo% dose and is gradually increased at %eekly or bi%eekly intervals.

In recent years& long-acting GLP-1 RAs such as liraglutide& dulaglutide& semaglutide& and the dual GIP/GLP-1 
receptor agonist tir,epatide have become %idely used. In contrast& short-acting formulations such as e5enatide and the 
older-generation agent li5isenatide are no% prescribed far less fre/uently& and several formulations have been %ithdra%n 
from the market in certain countries& largely due to limited clinical uptake& the availability of more effective long-acting 
alternatives& and commercial considerations rather than con3rmed safety concerns.1

;ollo%ing ;0A approval of liraglutide& semaglutide& and tir,epatide for chronic %eight management& prescription 
rates have increased rapidly. ;0A-approved GLP-1 and dual GIP/GLP-1 receptor agonists& their indications& formula-
tions and dosing regimens are summari,ed in 6able 1.

.igure 1 +echanisms underl.ing gastrointestinal adverse effects of GLP-1 receptor agonists7 2his Agure presents a conceptual overvieB of the central and peripheral 
pathBa.s involved in gastrointestinal effects associated Bith GLP-1 receptor agonists* based on established ph.siological evidence7 Central mechanisms include h.pothalamic 
and brainstem pathBa.s regulating appetite and nausea* Bhile peripheral mechanisms involve vagal afferent signaling* dela.ed gastric empt.ing* and reduced intestinal motilit.7 
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which GLP-1 RAs promote satiety and reduce post-prandial 
glucose surges.

Large Bowel Motility

7KH� H൵HFWV� RI�*/3���5$V�RQ� FRORQLF�PRWLOLW\� DUH� SRRUO\�
understood and results are mixed among animal and human 
studies. In rats, administration of intracerebroventricular 
GLP-1 resulted in increased fecal pellet output, which was 
reversed by administration of a GLP-1 receptor antagonist 
[47]. This result suggests a central mechanism by which 
GLP-1 promotes increased colonic motility. However, other 
studies suggest an inhibitory role of GLP-1 in colonic motil-
ity. An in vitro study with human colonic tissue demon-
strated decreased amplitude of colonic contractions but no 
change in frequency or resting basal tone with exposure to 
GLP-1 [19]. Further, prolonged colonic motility is observed 
in humans with GLP-1-producing neuroendocrine tumors 
[48@��7KH�VLGH�H൵HFW�SUR¿OH�RI�*/3���5$V�IXUWKHU�VXSSRUWV�

Small Bowel Motility

GLP-1 inhibits small bowel motility through reduction in 
migrating motor complex (MMC) frequency. Infusion of 
physiologic levels of GLP-1 in rats prolonged the MMC 
cycle length and slowed small bowel transit [43@��7KLV�H൵HFW�
was nitrogen oxide-dependent in the fasted state and nitro-
gen oxide-independent in the fed state [43]. Multiple human 
VWXGLHV� FRQ¿UP� */3��� PHGLDWHG� GHOD\� LQ� VPDOO� ERZHO�
transit. In a RCT of healthy and IBS patients, continuous 
GLP-1 infusion was associated with a decrease in small 
bowel MMC frequency [44]. Additionally, administration 
of the GLP-1 RA exenatide inhibited small bowel motility, 
ÀRZ��WUDQVLW��DQG�JOXFRVH�DEVRUSWLRQ�LQ�KHDOWK\�SDWLHQWV�DQG�
patients with T2DM [45]. Further supporting a role in inhib-
iting small bowel motility, there are case reports describing 
the use of GLP-1 RAs to aid in reducing bowel frequency 
in IBD patients with short gut syndrome [46]. Inhibition of 
small bowel motility may be an additional mechanism by 

Fig. 3� 6XPPDU\�RI�SURSRVHG�*,�PRWLOLW\�H൵HFWV�RI�*/3���5$V�DW�HDFK�
level of the GI tract. GLP-1 receptors are variably expressed through-
RXW� WKH� *,� WUDFW� LQFOXGLQJ� ZLWKLQ� WKH� QHUYH� ¿EHUV� RI� WKH� P\HQWHULF�
plexus at all levels. Within the esophagus, GLP-1 is associated with 
increased lower esophageal sphincter (LES) relaxation frequency as 
ZHOO�DV�LQFUHDVHG�IUHTXHQF\�RI�UHÀX[�HYHQWV��+RZHYHU��ZKHWKHU�WKHVH�
DUH�SULPDU\�H൵HFWV�RU�VHFRQGDU\�WR�GHOD\HG�JDVWULF�HPSW\LQJ�UHPDLQV�
unclear. Within the stomach, GLP-1 promotes delayed gastric emp-
tying by enhancing accommodation, decreasing antral motility in the 
digestive and interdigestive periods, enhancing pyloric tone, increas-
ing sympathetic tone, and decreasing parasympathetic tone. GLP-1 
inhibits small and large bowel motility through reduction in migrating 

motor complex (MMC) frequency. Some animal studies also suggest 
an increase in large bowel motility. GLP-1 RAs increase the risk of 
cholestatic disease, but GLP-1 studies on biliary motility are limited. 
Some studies show an association with decreased CCK production and 
JDOOEODGGHU� HMHFWLRQ� IUDFWLRQ��*/3���PD\� DOVR� LQÀXHQFH�*,�PRWLOLW\�
through altered gut microbial composition and metabolite produc-
WLRQ�� )LQDOO\�� */3��� LQÀXHQFHV� *,� PRWLOLW\� WKURXJK� VHYHUDO� FHQWUDO�
and peripheral neurologic mechanisms, including promoting central 
satiety, modulating central reward pathways, and modifying peripheral 
sympathetic and parasympathetic tone. [Figure created in BioRender. 
Bellavance, D. (2025) https://BioRender.com/t05a207]
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ESG was first performed with the OverStitch™ system by Abu

Dayyeh in 2013.5 The Overstitch involves using a suturing device

mounted on the tip of a dual-channel endoscope equipped with a

curved needle guide that allows for either interrupted or continuous

sutures. This system also utilizes an instrument called a ‘tissue helix’
to grasp the tissue, which is inserted through one of the channels.

During ESG, the plication typically begins at the incisura angularis and

then ascends along the greater curvature towards the gastric body,

reducing the distance between the anterior and posterior walls.7

The incisionless operating platform system is used to perform pri-

mary obesity surgery endoluminal. It is a complex device equipped

with a 54 Fr handle-controlled tube that can be manoeuvred in four

directions provided with four channels that enable specialized instru-

ments for grasping tissue folds, positioning tissue anchors and visual-

izing the lumen with an ultra-slim endoscope. With this technique, the

suture points are usually positioned in the fundus.11 However, ESG

seemed superior in terms of excess weight loss (EWL; 68.3%

vs. 44.9%, respectively, at 12 months).12

By reducing the size of the gastric reservoir, ESG is therefore pri-

marily a restrictive procedure (restricts the amount of food that can

be ingested), delaying gastric emptying and induced early satiety,

which are thought to be the primary mechanisms for weight loss but

without significant changes in levels of leptin, GLP-1, peptide YY and

ghrelin.13,14 (Figure 1). Evidence for its mechanism of action beyond

the mechanism for food restriction is limited. This is in contrast to

established MBS procedures such as RYGB and SG, where multiple

metabolic and neurohormonal changes have been shown to have

occurred to facilitate weight loss and diabetes remission, independent

of food and calorie restriction per se. For example, studies have

shown increased levels of anoorexogenic hormones, peptide YY and

GLP-1, following RYGB and SG, but a reduction in the oroxogenic hor-

mone, ghrelin, following MBS, although some studies dispute this.15,16

These hormones play an important role in regulating appetite, satiety,

food intake and systemic metabolism. MBS has also been shown to

induce profound changes in the microbiome, probably a result of die-

tary, environmental, systematic and anatomical changes leading to

intestinal remodelling following bariatric surgery. The balance of the

microbiome plays an important role in modulating systemic metabo-

lism, insulin resistant state and calorie consumption.17,18 Lastly,

increased interest has also emerged regarding the role of bile acids in

mediating weight loss and diabetes remission following MBS. Bile

acids modulate enteroendocrine cells production of GLP-1 and

directly influence the microbiome both via activation of the nuclear

receptor farnesoid X receptor.19,20 RYGB and SG both have been

shown to increase bile acid levels, probably because of increased

hepatic synthesis or altered enterohepatic recirculation of bile.21,22

Bile acid also increases circulating levels of the peptide hormone

fibroblast growth factor-19, with the latter playing an important role

in regulating bile acid synthesis, glucose and lipid metabolism.23 How-

ever, whether farnesoid X receptor signalling and/or fibroblast growth

factor-19 directly contribute to improvements in body weight and gly-

caemia after MBS is a subject of intense research.

A few previous studies have shown the efficacy of ESG in terms

of weight loss and the safety profile in patients with obesity.24 This

review article aims to summarize the current literature on ESG, with a

specific focus on its indications, effectiveness and suitability for the

treatment of obesity and related comorbidities.

2 | INDICATIONS AND
CONTRAINDICATIONS

The indications for MBS have been clarified and agreed upon by sev-

eral national and international societies and have recently been

updated by the American Society for Metabolic and Bariatric Surgery

(ASMBS). Overall, MBS is indicated for patients with a body mass

index (BMI) >35 kg/m2 or for those with obesity-related comorbidities

and a BMI >30 kg/m2 (IFSO/ASMBS guidelines).25 Patients must

undergo a thorough multidisciplinary assessment to assess suitability

for MBS and willingness to engage with the mandatory dietary and

lifestyle modifications. However, the indications for ESG are less well-

defined, with some centres suggesting performing ESG as a first-line

therapy for patients with obesity who meet the eligibility criteria for

MBS. Others argue that ESG should only be considered for patients

who are overweight (BMI 25-29.9 kg/m2) or have class I obesity (BMI

30-34.9 kg/m2) and do not meet the eligibility criteria for MBS.26

The indications for ESG were discussed at the Brazilian consensus

meeting in 2021 by a group of 47 endoscopists with a combined

experience of 1828 procedures between them. It was agreed that the

ideal BMI range for ESG was 30-40 kg/m2 (100% agreement), a mini-

mum BMI for ESG should be 27 kg/m2 (73% agreement), and no maxi-

mum BMI provided adequate clinical status exists. The panel

concluded that ESG would be contraindicated for patients with a large

para-oesophageal hernia, gastric ulcers in the body or fundus (even if

there were no signs of bleeding), congestive gastropathy, gastric poly-

posis, gastric or oesophageal varices, or uncontrolled psychological
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5 | FUTURE IMPLEMENTS

There is a widespread perception that endoscopic bariatric therapies

offer a considerably more favourable risk-benefit profile when com-

pared with MBS, particularly in patients with class I and II obesity and

those considered to be high-risk candidates for surgical intervention

because of severe medical comorbidities. Consequently, many view

ESG as the preferred approach for early intervention, such as the

treatment of patients with a BMI of 30-35 kg/m2 or to prevent

the development of comorbidities associated with obesity. However,

it is essential to exercise caution when presenting ESG in this light

because of the absence of high-quality randomized controlled trial

evidence comparing ESG with MBS. This in itself is probably difficult

to undertake because of differences in the indication of ESG and SG

in routine practice, making the recruitment of such a study challeng-

ing. The primary concern when opting for ESG as a weight-loss proce-

dure is the long-term durability of weight loss. The available literature

that discusses the conversion of ESG to SG or gastric, is very limited.

However, a recently published case report underscores the feasibility

of such a conversion, provided that intraoperative endoscopy is car-

ried out to ensure secure stapling during pouch formation after the

removal of sutures and ESG-related hardware. Studies have reported

the presence of additional adhesions outside the stomach, changes in

the thickness of the stomach wall, and damage to blood supply in the

gastric tissue when performing MBS as a conversion from ESG.57,58

This is an area where further evidence is necessary to ascertain the

F IGURE 2 Endoscopic
sleeve gastroplasty (ESG)
compared with laparoscopic
sleeve gastrectomy (SG). GORD,
gastroesophageal reflux disease;
TBWL, total body weight loss.
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150 min and 200–300 min per week of moderate-
intensity exercise to lose weight or maintain weight, 
respectively. This exercise regime should be com-
plemented with behavior modification, such as 
slowing the rate of eating, social support, cogni- 
tive restructuring, and relapse prevention. Post-
operatively, patients should be enrolled for long-
term follow-up care to determine the extent and 
maintenance of weight loss and document any long-
term complications. Further research and long-term 
studies in the United States and abroad are needed 
to establish therapeutic guidelines.

Types of endobariatric procedures
EBTs are mainly categorized into two catego-
ries: restrictive or malabsorptive procedures for 

patients with a body mass index (BMI), mainly 
between 30 and 45 kg/m2.

Restrictive EBT procedures
In restrictive EBTs, a balloon filled with methylene 
blue-saline solution or inert gas is placed to fill the 
stomach to induce early satiety by reducing the 
available gastric lumen size. One of the first restric-
tive EBTs was IGB placements. In 1989, the first 
IGB EBT was developed in the United States, 
known as the Garren Edwards Gastric Bubble 
(GEGB). GEGB was initially Food and Drug 
Administration (FDA) approved in 1985 but was 
later pulled from the market in 1992 after 7 years 
because of issues with spontaneous deflation of the 
bubble needing surgical removal.1,29–31 Moreover, 

Table 2. ASGE Endoscopic Bariatric Surgery Guideline Summary.25

Category Recommendation

Inclusion Criteria Patients who have failed weight loss or weight maintenance with lifestyle 
intervention alone

Accreditation Gastroenterology fellowship or general surgery residency

Pre-operative 
Screening

Assess a patient’s nutrition status, eating patterns, and registration with a dietician. 
Routine laboratory testing for complete blood count, lipids, kidney function, liver 
function tests, urinalysis, and nutritional screening

Post-operative 
Maintenance

Reduce caloric intake and increase exercise; provide long-term follow-up care 
maintain weight loss and documented long-term complications

Figure 1. Mechanisms of Weight Loss After Endoscopic Bariatric Therapy (EBT).
Figure showing mechanisms of weight loss after EBT. Three major pathways exist after EBT. Change in gut peptide levels, 
bile acid signaling pathways, and altered gut microbiota. The pathways can interact with each other, producing increased 
insulin sensitivity, lipid metabolism, and energy expenditure, ultimately leading to weight loss. EBT, Endoscopic bariatric 
therapy; GIP, gastric inhibitory peptide; GLP-1, glucagon like peptide 1; FXR, farnesoid X receptor; TGR5, Takeda G protein–
coupled receptor.
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to baseline body weight of 9.41% and 11.44% at 3 months, 
15.88% and 24.85% at 6 months, and 13.47% and 28.21% at 
12 months, respectively. In comparison, a multicenter clini-
cal trial on IGB use reported a total body weight loss of 8.5% 
at 3 months, 11.8% at 6 months, and 13.3% at 12 months, 
while semaglutide studies have shown approximately 10.9% 
weight loss at 6 months and 13.9% at 12 months [12, 13]. 
Both the IGB only group and the IGB + semaglutide group 
achieved the most substantial weight reduction during the 
¿UVW� VL[�PRQWKV�� DOLJQLQJ�ZLWK� WKH� HVWDEOLVKHG� WKHUDSHXWLF�
window for IGB therapy [14@��7KH�,*%�RQO\�JURXS�DFKLHYHG�
LWV�ORZHVW�ZHLJKW�DW���PRQWKV��7KH�,*%���VHPDJOXWLGH�JURXS�
achieved maximal weight loss at 12 months following bal-
ORRQ�UHPRYDO��7KLV�SDWWHUQ�LV�OLNHO\�GXH�WR�WKH�FRPSOHPHQ-
WDU\�PHFKDQLVPV�RI�ERWK�WKHUDSLHV��7KH�,*%�OHDGV�WR�ZHLJKW�

OLPLWHG�HYLGHQFH�RQ�WKH�UHVXOWV�RI�FRPELQDWLRQ�WKHUDS\��7KLV�
VWXG\�ZDV�FRQGXFWHG�WR�HYDOXDWH�WKH�H൶FDF\�RI�FRPELQLQJ�
endoscopic and pharmaceutical interventions, including 
intragastric balloon and semaglutide injections. Our results 
GHPRQVWUDWH� WKH� IROORZLQJ� ¿QGLQJV�� %RWK� WKH� ,*%� RQO\�
JURXS�DQG� WKH� ,*%��� VHPDJOXWLGH�JURXS� VLJQL¿FDQWO\� ORVW�
ZHLJKW�FRPSDUHG�WR�EDVHOLQH��WKH�,*%���VHPDJOXWLGH�JURXS�
KDG�D� VLJQL¿FDQWO\�KLJKHU� WRWDO�ERG\�ZHLJKW� ORVV� �7%:/��
and excess weight loss (EWL) percentage when compared 
WR� WKH� ,*%�RQO\�JURXS��SULPDULO\�DW���DQG����PRQWKV�� WKH�
,*%�RQO\�JURXS�KDG�VLJQL¿FDQW�ZHLJKW�UHJDLQ�LQ�FRPSDULVRQ�
to the IGB + semaglutide group after intragastric balloon 
removal.

7KH�,*%�RQO\�JURXS�DQG� WKH� ,*%���VHPDJOXWLGH�JURXS�
GHPRQVWUDWHG� VWDWLVWLFDOO\� VLJQL¿FDQW� UHGXFWLRQV� FRPSDUHG�

Table 3  Comparison between the two groups studied according to anthropometric measurements at baseline, 3, 6, and 12 months
IGB-only
(n = 20)

IGB + semaglutide
(n = 20)

7HVW�RI�6LJ� p (൵HFW�VL]H 'L൵HUHQFH
(95% C.I)

Before Weight
 Min. – Max. 98.23–139.4 101.3–136.8 t = 0.430 0.669 d = 0.132 1.34

(4.96–7.64�0HDQ���6'� ������������ ������������
 Median (IQR) 113.7 (110.7–123.0) 116.7 (108.9–123.1)
BMI
 Min. – Max. 35.62–41.91 36.86–42.82 t = 1.151 0.257 d = 0.363 0.61

(0.46–1.69)�0HDQ���6'� ������������ ������������
 Median (IQR) 38.55 (38.22–39.67) 39.37 (37.81–41.30)

After 3 months Weight
 Min. – Max. 90.73–128.7 88.43–125.4 t = 0.390 0.699 d = 0.123 1.20

�í����±������0HDQ���6'� ������������ ������������
 Median (IQR) 103.3 (97.89–110.4) 101.1 (97.32–109.7)
BMI
 Min. – Max. 31.40–38.30 32.33–38.85 t = 0.492 0.626 d = 0.153 0.28

�í����±������0HDQ���6'� ������������ ������������
 Median (IQR) 35.17 (34.48–36.35) 34.36 (33.04–36.03)

After 6 months Weight
 Min. – Max. 81.33–119.8 76.25–106.9 t = 3.297* 0.002* d = 1.044 9.40

(3.63–15.18)�0HDQ���6'� ������������ ������������
 Median (IQR) 95.64 (90.91–105.5) 87.38 (82.24–93.60)
BMI
 Min. – Max. 29.47–35.19 27.65–31.62 t = 7.066* < 0.001* d = 2.232 3.05

(2.18–3.93)�0HDQ���6'� ������������ ������������
 Median (IQR) 32.80 (31.87–33.60) 29.43 (28.68–30.55)

After 12 months Weight
 Min. – Max. 83.24–120.3 72.97–98.74 t = 6.022 < 0.001* d = 1.905 16.13

(10.71–21.55)�0HDQ���6'� ������������ ������������
 Median (IQR) 97.73 (95.71–109.13) 82.44 (79.24–89.28)
BMI
 Min. – Max. 30.37–35.38 26.61–30.26 t = 14.259 < 0.001* d = 4.517 5.29

(4.54–6.04)�0HDQ���6'� ������������ ������������
 Median (IQR) 33.48 (32.96–34.39) 28.10 (27.44–28.97)

IQR Interquartile range, SD Standard deviation, d Cohen’s d
t Student t-test, BMI Body Mass Index
P�S�YDOXH�IRU�FRPSDULQJ�WKH�WZR�VWXGLHG�JURXSV��
�6WDWLVWLFDOO\�VLJQL¿FDQW�DW�S�������
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to baseline body weight of 9.41% and 11.44% at 3 months, 
15.88% and 24.85% at 6 months, and 13.47% and 28.21% at 
12 months, respectively. In comparison, a multicenter clini-
cal trial on IGB use reported a total body weight loss of 8.5% 
at 3 months, 11.8% at 6 months, and 13.3% at 12 months, 
while semaglutide studies have shown approximately 10.9% 
weight loss at 6 months and 13.9% at 12 months [12, 13]. 
Both the IGB only group and the IGB + semaglutide group 
achieved the most substantial weight reduction during the 
¿UVW� VL[�PRQWKV�� DOLJQLQJ�ZLWK� WKH� HVWDEOLVKHG� WKHUDSHXWLF�
window for IGB therapy [14@��7KH�,*%�RQO\�JURXS�DFKLHYHG�
LWV�ORZHVW�ZHLJKW�DW���PRQWKV��7KH�,*%���VHPDJOXWLGH�JURXS�
achieved maximal weight loss at 12 months following bal-
ORRQ�UHPRYDO��7KLV�SDWWHUQ�LV�OLNHO\�GXH�WR�WKH�FRPSOHPHQ-
WDU\�PHFKDQLVPV�RI�ERWK�WKHUDSLHV��7KH�,*%�OHDGV�WR�ZHLJKW�

OLPLWHG�HYLGHQFH�RQ�WKH�UHVXOWV�RI�FRPELQDWLRQ�WKHUDS\��7KLV�
VWXG\�ZDV�FRQGXFWHG�WR�HYDOXDWH�WKH�H൶FDF\�RI�FRPELQLQJ�
endoscopic and pharmaceutical interventions, including 
intragastric balloon and semaglutide injections. Our results 
GHPRQVWUDWH� WKH� IROORZLQJ� ¿QGLQJV�� %RWK� WKH� ,*%� RQO\�
JURXS�DQG� WKH� ,*%��� VHPDJOXWLGH�JURXS� VLJQL¿FDQWO\� ORVW�
ZHLJKW�FRPSDUHG�WR�EDVHOLQH��WKH�,*%���VHPDJOXWLGH�JURXS�
KDG�D� VLJQL¿FDQWO\�KLJKHU� WRWDO�ERG\�ZHLJKW� ORVV� �7%:/��
and excess weight loss (EWL) percentage when compared 
WR� WKH� ,*%�RQO\�JURXS��SULPDULO\�DW���DQG����PRQWKV�� WKH�
,*%�RQO\�JURXS�KDG�VLJQL¿FDQW�ZHLJKW�UHJDLQ�LQ�FRPSDULVRQ�
to the IGB + semaglutide group after intragastric balloon 
removal.

7KH�,*%�RQO\�JURXS�DQG� WKH� ,*%���VHPDJOXWLGH�JURXS�
GHPRQVWUDWHG� VWDWLVWLFDOO\� VLJQL¿FDQW� UHGXFWLRQV� FRPSDUHG�

Table 3  Comparison between the two groups studied according to anthropometric measurements at baseline, 3, 6, and 12 months
IGB-only
(n = 20)

IGB + semaglutide
(n = 20)

7HVW�RI�6LJ� p (൵HFW�VL]H 'L൵HUHQFH
(95% C.I)

Before Weight
 Min. – Max. 98.23–139.4 101.3–136.8 t = 0.430 0.669 d = 0.132 1.34

(4.96–7.64�0HDQ���6'� ������������ ������������
 Median (IQR) 113.7 (110.7–123.0) 116.7 (108.9–123.1)
BMI
 Min. – Max. 35.62–41.91 36.86–42.82 t = 1.151 0.257 d = 0.363 0.61

(0.46–1.69)�0HDQ���6'� ������������ ������������
 Median (IQR) 38.55 (38.22–39.67) 39.37 (37.81–41.30)

After 3 months Weight
 Min. – Max. 90.73–128.7 88.43–125.4 t = 0.390 0.699 d = 0.123 1.20

�í����±������0HDQ���6'� ������������ ������������
 Median (IQR) 103.3 (97.89–110.4) 101.1 (97.32–109.7)
BMI
 Min. – Max. 31.40–38.30 32.33–38.85 t = 0.492 0.626 d = 0.153 0.28

�í����±������0HDQ���6'� ������������ ������������
 Median (IQR) 35.17 (34.48–36.35) 34.36 (33.04–36.03)

After 6 months Weight
 Min. – Max. 81.33–119.8 76.25–106.9 t = 3.297* 0.002* d = 1.044 9.40

(3.63–15.18)�0HDQ���6'� ������������ ������������
 Median (IQR) 95.64 (90.91–105.5) 87.38 (82.24–93.60)
BMI
 Min. – Max. 29.47–35.19 27.65–31.62 t = 7.066* < 0.001* d = 2.232 3.05

(2.18–3.93)�0HDQ���6'� ������������ ������������
 Median (IQR) 32.80 (31.87–33.60) 29.43 (28.68–30.55)

After 12 months Weight
 Min. – Max. 83.24–120.3 72.97–98.74 t = 6.022 < 0.001* d = 1.905 16.13

(10.71–21.55)�0HDQ���6'� ������������ ������������
 Median (IQR) 97.73 (95.71–109.13) 82.44 (79.24–89.28)
BMI
 Min. – Max. 30.37–35.38 26.61–30.26 t = 14.259 < 0.001* d = 4.517 5.29

(4.54–6.04)�0HDQ���6'� ������������ ������������
 Median (IQR) 33.48 (32.96–34.39) 28.10 (27.44–28.97)

IQR Interquartile range, SD Standard deviation, d Cohen’s d
t Student t-test, BMI Body Mass Index
P�S�YDOXH�IRU�FRPSDULQJ�WKH�WZR�VWXGLHG�JURXSV��
�6WDWLVWLFDOO\�VLJQL¿FDQW�DW�S�������
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Weight Loss Analysis

6LJQL¿FDQW� GL൵HUHQFHV� ZHUH� REVHUYHG� EHWZHHQ� WKH� WZR�
groups in terms of weight loss at both 6 and 12 months, 
as well as in weight regain after intragastric balloon 
(IGB) removal. At 6 months, the IGB + semaglutide group 
achieved a markedly greater mean weight loss compared 
WR�WKH�,*%�RQO\�JURXS��ZLWK�YDOXHV�RI��������������NJ�DQG�
�������������NJ�� UHVSHFWLYHO\� �p < 0.001). After 12 months, 
WKH� GL൵HUHQFH� ZLGHQHG� IXUWKHU�� 7KH� ,*%���VHPDJOXWLGH�
JURXS�PDLQWDLQHG�D�VLJQL¿FDQWO\�KLJKHU�ZHLJKW�ORVV�ZLWK�D�
PHDQ�RI��������������NJ��ZKLOH�WKH�,*%�RQO\�JURXS�VKRZHG�
D�UHGXFHG�PHDQ�ORVV�RI��������������NJ��p�����������7KH�7RWDO�
%RG\�:HLJKW�/RVV�SHUFHQWDJH��7%:/���ZDV�VLJQL¿FDQWO\�
higher in the IGB + semaglutide group compared to the IGB 
RQO\� JURXS� ��������������� YV�� ��������������� p < 0.001). 
Similarly, the Excess Weight Loss percentage (EWL%) 
was markedly greater in the IGB + semaglutide group 
����������������WKDQ�LQ�WKH�,*%�RQO\�JURXS�����������������
p������������7DEOH�4)

Regarding weight regain after IGB removal, the IGB-
only group exhibited a positive regain, with a mean increase 
RI�������������NJ��LQGLFDWLQJ�SDUWLDO�UHYHUVDO�RI�ZHLJKW�ORVV��
In contrast, the IGB + semaglutide group continued to expe-
rience weight reduction even after balloon removal, with a 
PHDQ� FKDQJH� RI�í������������ NJ� �p�����������7KLV� DQDO\VLV�
KLJKOLJKWV�WKH�VLJQL¿FDQW�DQG�VXVWDLQHG�EHQH¿W�RI�FRQWLQXHG�
VHPDJOXWLGH�WKHUDS\���7DEOH�4).

7KHVH� UHVXOWV� FRQ¿UP� WKDW� FRPELQLQJ� VHPDJOXWLGH�ZLWK�
IGB therapy not only leads to greater initial weight loss but 
also prevents post-balloon weight regain.

Discussion

*LYHQ�WKH�VLJQL¿FDQW�LQFUHDVH�LQ�SUHYDOHQFH�DQG�EXUGHQ�RI�
obesity globally, there is a need to explore and establish 
available treatment modalities and their outcomes. As of 
2021, approximately 1 in 8 people worldwide were living 
with obesity [11]. With 42% of United States adults clas-
VL¿HG� DV� REHVH� DQG� REHVLW\�UHODWHG� KHDOWKFDUH� H[SHQVHV�
HVWLPDWHG� DW� ����� ELOOLRQ� DQQXDOO\�� H൵HFWLYH� DQG� VXVWDLQ-
able interventions are necessary [5]. Currently, most stud-
LHV�DVVHVV�WKH�H൵HFWLYHQHVV�RI�LQGLYLGXDO�WKHUDSLHV��OHDYLQJ�

SURPSW� LGHQWL¿FDWLRQ�DQG�PDQDJHPHQW�RI�JDVWURSDUHVLV�
related symptoms, ensuring patient safety while main-
taining adherence to the prescribed treatment regimen. 
Overall, both the gastric balloon and semaglutide injec-
tions were well tolerated, and adherence remained high 
LQ�ERWK�JURXSV���7DEOH�2).

Anthropometric Changes

Anthropometric parameters were assessed at baseline and at 
3, 6, and 12 months following intervention for both groups. 
At baseline, in the IGB-only group, the mean weight was 
������������� NJ�� ZKLOH� WKH� ,*%���VHPDJOXWLGH� JURXS� KDG�
D� PHDQ� ZHLJKW� RI� ������������� NJ�� 7KH� PHDQ� KHLJKW� ZDV�
�������������FP�LQ�WKH�,*%�RQO\�JURXS�DQG��������������FP�
in the IGB + semaglutide group. For BMI, the IGB only 
JURXS� GHPRQVWUDWHG� D�PHDQ� RI� �������������� FRPSDUHG� WR�
�������������LQ�WKH�,*%���VHPDJOXWLGH�JURXS���7DEOH�1)

After 3 months, both groups showed reductions in weight 
DQG�%0,��EXW�WKH�GL൵HUHQFHV�EHWZHHQ�WKHP�ZHUH�QRW�VWD-
WLVWLFDOO\�VLJQL¿FDQW��0HDQ�ZHLJKW�ZDV��������������NJ�LQ�
WKH�,*%�RQO\�JURXS�DQG��������������NJ�LQ�WKH�,*%���VHPD-
glutide group (p� ���������ZKLOH�%0,�ZDV��������������DQG�
��������������UHVSHFWLYHO\��p = 0.626). By 6 months, statis-
WLFDOO\� VLJQL¿FDQW� GL൵HUHQFHV� HPHUJHG��7KH� ,*%���VHPD-
glutide group showed a greater reduction in both weight 
and BMI compared to the IGB only group. Mean weight 
GHFUHDVHG�WR��������������NJ�LQ�WKH�,*%�RQO\�JURXS�DQG�WR�
�������������NJ�LQ�WKH�,*%���VHPDJOXWLGH�JURXS��p = 0.002). 
6LPLODUO\��PHDQ�%0,�GURSSHG�WR��������������LQ�WKH�,*%�
RQO\�JURXS� DQG� WR�������������� LQ� WKH� ,*%���VHPDJOXWLGH�
group (p����������� $W� ��� PRQWKV�� WKH� GL൵HUHQFHV� ZHUH�
HYHQ� PRUH� SURQRXQFHG�� 7KH� ,*%���VHPDJOXWLGH� JURXS�
PDLQWDLQHG�VLJQL¿FDQWO\�JUHDWHU�ZHLJKW�ORVV��ZLWK�D�PHDQ�
ZHLJKW�RI��������������NJ�FRPSDUHG�WR��������������NJ�LQ�
the IGB only group (p < 0.001). Correspondingly, BMI 
ZDV� VLJQL¿FDQWO\� ORZHU� LQ� WKH� ,*%���VHPDJOXWLGH� JURXS�
��������������� WKDQ� LQ� WKH� ,*%�RQO\�JURXS� ���������������
(p������������7DEOH�3)

7KHVH�UHVXOWV�LQGLFDWH�WKDW�ZKLOH�ERWK�WUHDWPHQW�PRGDOL-
WLHV� OHG� WR� VLJQL¿FDQW� UHGXFWLRQV� LQ�ZHLJKW� DQG�%0,� RYHU�
time, the addition of semaglutide to IGB therapy yielded 
VLJQL¿FDQWO\�VXSHULRU�RXWFRPHV��HVSHFLDOO\�HYLGHQW�DW���DQG�
12 months of follow-up.

Table 2 Comparison between the two groups studied according to the complications
IGB-only
(n = 20)

IGB + semaglutide
(n = 20)

7HVW�RI�6LJ� p (൵HFW�VL]H 'L൵HUHQFH
(95% C.I)

Serious complications 0 (0.0%) 0 (0.0%) – – –
Nausea & vomiting 7 (35.0%) 10 (50.0%) Ȥ2 = 0.921 0.337 !=0.152 0.15

(0.10–0.20)
Ȥ2 Chi-square test, P p-value for comparing the two studied groups
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Introduction

Obesity represents a global public health burden. It is typi-
cally interrelated to a plethora of complications that predis-
pose to avoidable morbidity and mortality [1@��7KH�UDWHV�RI�
obesity worldwide have more than doubled over the past 
35 years, with adolescent obesity having quadrupled [2]. 
While lifestyle intervention remains a cornerstone in the 
PDQDJHPHQW� RI� REHVLW\�� LWV� H൵HFWLYHQHVV� LV� RIWHQ�PRGHVW��
with long-term studies such as Look AHEAD showing that 
DSSUR[LPDWHO\�����RI�SDUWLFLSDQWV�DFKLHYHG������ZHLJKW�
ORVV� DQG� DOPRVW� RQH�WKLUG� RI� SDUWLFLSDQWV� DFKLHYHG��� ����
ZHLJKW� ORVV� DW� �� \HDUV�� 7KHVH� RXWFRPHV� GHSHQG� KHDYLO\�
on sustained patient engagement and adherence to behav-
ioral changes [3]. Obesity remains an underdiagnosed and 
undertreated condition [4]. Classically, treatment is initi-
ated from the least invasive and may be escalated towards 

pharmacotherapy, endoscopic bariatric interventions, and 
lastly, surgical intervention.

At present, the gold standard management for the unsuc-
cessful medical treatment of obesity is surgical interven-
WLRQ��SURYLGLQJ�XQULYDOOHG�ZHLJKW�ORVV��7KHVH�LQWHUYHQWLRQV�
include but are not limited to the adjustable gastric band, 
sleeve gastrectomy, and Roux-en-Y gastric bypass [5]. 
Despite providing considerable weight loss, only between 
0.5 and 1% of eligible patients undergo bariatric surgery 
[6]. Perhaps this may be in part due to high cost, concerns 
related to surgical intervention, and lack of access to bar-
iatric centers [7@��(QGRVFRSLF�EDULDWULF�WKHUDS\�R൵HUV�D�OHVV�
invasive option for patients reluctant to undergo surgery 
and includes various procedures such as space-occupying 
devices, restrictive procedures, and aspiration therapies 
[8]. Space-occupying devices refer to Intragastric balloons 
(IGB) that are usually temporary, endoscopically placed air 
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management are Intragastric Balloons (IGBs), endoscopic 
suturing techniques such as endoscopic sleeve gastrectomy 
(ESGs), duodenal mucosal resurfacing, and duodenal-jejunal 
bypass liner (endobarrier). All these therapies can be used as 
a primary treatment in patients with Class 1 obesity (BMI 
>30) or higher, who do not wish to undergo bariatric surgery, 
who are poor surgical candidates, or who do not wish to use 
pharmacotherapy for a long duration of time [Figure 1].

Intragastric Balloons (IGBs) 
Intragastric balloons (IGBs) are endoscopically placed devices 
that occupy space within the stomach [Figure 2]. They  
work by limiting the volume of food that can occupy the 
stomach and are generally categorized as restrictive in their 
function by reducing oral intake.  IGBs lead to early feelings 
of fullness or early satiety, and staying full for longer, also 
known as delayed gastric emptying. They can be placed as 
an outpatient endoscopic procedure, meaning the patient 
comes in, undergoes the endoscopic placement, and goes 
home the same day. There are multiple types of IGBs on the 

market, but only a few approved in the US by the FDA. Most 
of the current balloons are inserted into the stomach and 
then insufflated with sterile water, saline, or air. The vol-
ume of fluid placed within the balloons varies by manufac-
turing and by patient – how well they tolerate the volume, 
their symptoms, and their weight loss goals. The balloon is 
left in place within the stomach for 4–12 months. The ben-
efits of this procedure are that it can be easily placed and 
removed, can lead to 7–14% total weight loss,7 and can be 
widely adopted. Disadvantages include how well it is tol-
erated – some patients report significant nausea or other 
related unwanted symptoms, durability as it is temporary 
and must be removed, and side effects such as the balloons 
popping and migrating. This endoscopic weight loss modal-
ity is only currently recommended as a primary treatment 
and not in patients who have had previous foregut or bar-
iatric surgery. Compared with lifestyle modifications alone 
such as diet and exercise, these IGBs are more effective at 
short-term weight loss, with some studies illustrating 25% 
excess well loss (EWL).8 All in all, this is a great option for 
patients who want more powerful weight loss and improve-
ment in comorbidities than weight loss and exercise alone, 
with a short duration in therapy. 

Endoscopic Sleeve Gastrectomy 
This is a procedure that uses endoscopic suturing to plicate 
the stomach from the inside, meaning sewing it from the 
inside down into a smaller pouch. Using a special endo-
scopic instrument, the apollo overstitch, circumferential 
bites of stomach lining or gastric mucosa are taken and syn-
ched down [Figure 3]. This works as a weight loss tool in a 
similar way to the balloons – the suturing of the stomach 
from the inside makes the stomach much smaller, limiting 
the amount of food one can eat at a given time and increas-
ing the sensation of fullness. As most of the other endo-

scopic procedures, this is often 
a same-day procedure, where 
the patient can come into the 
endoscopy suite or operating  
room, has the endoscopic sleeve  
created, and go home the same 
day. An ESG is considered semi- 
permanent with restriction ef- 
fects that can last, and a ver-
sion of this technique can be 
performed in patients who’ve 
had previous foregut or bar-
iatric surgery. However, some 
of the sutures can open over-
time, leading to an increase in 
size of the stomach again, so 
it is surely not as permanent  
or durable as its sister surgical 
option, the sleeve gastrectomy. 
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Figure 1. Obesity treatments in order of advanced invasiveness and 

durability. 
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Figure 2. Intragastric balloon weight loss procedure 
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BEGR group. These studies indicated a statistically sig-
nificant increase in TWL% at 12 months with the BEGR/
GLP-1RA group (MD 4.51, 95% CI 1.72–7.31, p = 0.002). 
The I2 was 92% (p < 0.00001) (Fig. 4). A statistically signifi-
cant difference was observed between the ESG and POSE 
subgroups (p = 0.04, I2 = 77.3%), indicating that the use of 
GLP-1 receptor agonists (GLP-1RAs) in POSE results in 
better weight loss outcomes, compared to their use in ESG. 
In the four studies included in this meta-analysis, Badurdeen 
in 2021 initiated pharmacotherapy at 5 months following 

BEGR, Gala in 2024 within 6 months, Hoff at 1 month, and 
Jirapinyo in 2024 at a mean of 5 months.

TOR with vs. Without an Adjunctive Tool 
Meta-analysis

Five studies reported TWL% at 12 months, involving 225 
patients in the TOR/ADJ group and 209 patients in the 
TOR group. These studies indicated a statistically sig-
nificant increase in TWL% at 12 months in the TOR/ADJ 

Fig. 3  Quality appraisal results for the TOR studies according to the ROBINS-I tool, showing the assessment of bias across various domains

Fig. 4  Forest plot comparing total weight loss percentage at 12 months between BEGR/GLP-1RA and BEGR alone

Effectiveness of Pharmacotherapy and Technical Modifications as Adjunctive Tools for Enhancing Weight Loss After
Bariatric Endoscopy (Endoscopic Gastric Remodeling and Transoral Outlet Reduction): A Meta-analysis

Fadi Diab AR, Obesity Surgery 2025
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group (MD 3.49, 95% CI 1.66–5.31, p = 0.0002). The I2 
was 47% (p = 0.09) (Fig. 5).

When examining each tool separately, the mean 
increase in TWL% at 12  months was 3.23 (95% CI 
0.47–5.99, p = 0.02) with TOR/ESD (3 studies), 6.60 (95% 
CI 2.14–11.06, p = 0.004) with TOR/gastric pouch reduc-
tion (1 study), 2.02 (95% CI 1.21–2.84, p < 0.00001) with 
TOR/PS (1 study), and 6.20 (95% CI 1.15–11.25, p = 0.02) 
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tools have been published. However, these studies reported 
data in a way that prevents their inclusion in the TWL% 
meta-analysis. Patel et al. [29] found a higher median 
excess weight loss percentage (EWL%) at 12 months in 
the PS group (26% EWL), compared to the interrupted 
suturing group (9% EWL). These data are not suitable for 
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weight loss percentage (TWL%). Similarly, Amin et al. 
[30] reported that the mean TWL% after a mean follow-up 
of 4–5 months was higher in the TOR/ESD group com-
pared to the TOR group. These data cannot be used in our 
meta-analysis due to the limited follow-up period and the 
variability in that follow-up (expressed as a mean rather 
than a specific time point). All other studies had a con-
sistent follow-up period of 12 months, whereas this study 

reported a shorter and variable follow-up, with a mean of 
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Four studies investigated the safety of adjunctive tools 
used to enhance weight loss after TOR. The safety of 
TOR/ESD was examined in two studies, TOR/gastric pouch 
reduction in one study, and TOR/PS in one study. Although 
there was a trend toward increased adverse events with 
TOR/ADJ (except for TOR/PS), compared to TOR, the dif-
ference was not statistically significant (OR 1.82, 95% CI 
0.73–4.58, p = 0.20). The I2 was 0% (p = 0.69) (Fig. 6).

Discussion

BEGR with vs. Without a GLP-1RA

Previous research has shown that endoscopic bariatric ther-
apy (EBT) tends to be more successful than intense dietary 
and lifestyle interventions [31]. The underlying mechanisms 
for weight loss following endoscopic sleeve gastroplasty 
(ESG) remain a topic of debate, with some hypotheses sug-
gesting that delayed gastric emptying and enhanced feelings 
of fullness may play a role [32]. A study matching cases of 
laparoscopic sleeve gastrectomy with ESG found that the 
percentage of total body weight loss (%TBWL) was similar 
in individuals with a body mass index (BMI) of 30 to 40 kg/
m2 at the 6-month mark [33]. However, as BMI increases, 
bariatric surgery may become more effective compared to 
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Table 2  General characteristics and baseline demographics of studies comparing TOR with and without an adjunctive tool

TOR transoral outlet reduction, ESD endoscopic submucosal dissection, TOR/ADJ transoral outlet reduction with an adjunctive tool, M male, 
F female, YO year-old, BMI body mass index, USA United States of America, NR not reported, PS purse-string suturing, and AOM antiobesity 
medication
a This is a retrospective study of prospectively collected data

Study Country Study design Sample size Gender (M/F) Age (YO) BMI at interven-
tion

TOR/ADJ TOR TOR/ADJ TOR TOR/ADJ TOR TOR/ADJ TOR

Studies comparing TOR with vs. without ESD
  Fansa [24] USA Retrospective 49 125 4/45 19/106 50.4 53.5 41.6 40.9
  Hollenbach [25] Germany Retrospective 15 26 2/13 6/20 51 53 38.4 37.2
  Jirapinyo [26] USA Retrospectivea 19 57 1/18 19/38 45 52 36.5 37.9

Studies comparing TOR with vs. without gastric pouch reduction
  Abboud [27] USA Retrospectivea 85 43 14/71 3/40 46.4 45.7 NR NR

Studies comparing TOR with vs. without PS
  Schulman 2018 [28] USA Prospective 187 54 NR NR 50.1 50.9 40.0 42.2
  Patel 2017 [29] USA Retrospective 16 34 2/14 2/32 55.8 48.6 40.7 41.7

Studies comparing TOR with vs. without an AOM
  Fansa 2024 [24] USA Retrospective 25 125 23/2 19/106 50.2 53.5 42.1 40.9

Fig. 2  Quality appraisal results 
for the BEGR studies according 
to A the ROBINS-I tool and 
B the RoB 2 tool, showing the 
assessment of bias across vari-
ous domains
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BEGR group. These studies indicated a statistically sig-
nificant increase in TWL% at 12 months with the BEGR/
GLP-1RA group (MD 4.51, 95% CI 1.72–7.31, p = 0.002). 
The I2 was 92% (p < 0.00001) (Fig. 4). A statistically signifi-
cant difference was observed between the ESG and POSE 
subgroups (p = 0.04, I2 = 77.3%), indicating that the use of 
GLP-1 receptor agonists (GLP-1RAs) in POSE results in 
better weight loss outcomes, compared to their use in ESG. 
In the four studies included in this meta-analysis, Badurdeen 
in 2021 initiated pharmacotherapy at 5 months following 

BEGR, Gala in 2024 within 6 months, Hoff at 1 month, and 
Jirapinyo in 2024 at a mean of 5 months.

TOR with vs. Without an Adjunctive Tool 
Meta-analysis

Five studies reported TWL% at 12 months, involving 225 
patients in the TOR/ADJ group and 209 patients in the 
TOR group. These studies indicated a statistically sig-
nificant increase in TWL% at 12 months in the TOR/ADJ 

Fig. 3  Quality appraisal results for the TOR studies according to the ROBINS-I tool, showing the assessment of bias across various domains

Fig. 4  Forest plot comparing total weight loss percentage at 12 months between BEGR/GLP-1RA and BEGR alone
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