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Abstract
Background  Obesity is a significant global health issue. Metabolic and bariatric surgery (MBS) is the gold standard in the 
treatment of obesity due to its proven effectiveness and safety in the short and long term. However, MBS is not suitable for 
all patients. Some individuals are at high surgical risk or refuse surgical treatment, while others do not meet the criteria for 
MBS despite having obesity-related comorbidities. This gap has driven the development of endoscopic solutions like endo-
scopic sleeve gastroplasty (ESG), which offers a less invasive alternative that preserves organ function and reduces risks. 
A recent IFSO International Delphi consensus study highlighted that multidisciplinary experts agree on the utility of ESG 
for managing obesity in patients with class I and II obesity and for those with class III obesity who do not wish to pursue or 
qualify for MBS. This IFSO Bariatric Endoscopy Committee position statement aims to augment these consensus statements 
by providing a comprehensive systematic review of the evidence and delivering an evidence-based position on the value of 
ESG within the spectrum of obesity management.
Methods  A comprehensive systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) and Cochrane guidelines.
Results  Systematic Review: The systematic review included 44 articles encompassing 15,714 patients receiving ESG. The 
studies varied from large case series to cohort studies and a randomized controlled trial (RCT). The mean baseline BMI was 
37.56 kg/m2. The review focused on weight loss outcomes and safety data.
Meta-analysis: 

Time point Mean %EWL Mean
%TBWL

6 months 48.04 15.66
12 months 53.09 17.56
18 months 57.98 16.25
24 months 46.57 15.2
36 months 53.18 14.07
60 months 45.3 15.9

These results demonstrate significant weight loss following ESG.
Safety: The pooled serious adverse event (SAE) rate was 1.25%. This low rate of SAEs indicates that ESG is a relatively 
safe procedure.
Quality of Evidence: The quality of evidence from the included observational studies was assessed as very low, primarily 
due to the inherent limitations associated with observational study designs, such as potential biases and lack of randomiza-
tion. In contrast, the quality of evidence from the single randomized controlled trial was rated as MODERATE, reflecting a 
more robust study design that provides a higher level of evidence despite some limitations.

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s11695-024-07510-z&domain=pdf
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Conclusions  The IFSO Bariatric Endoscopy Committee, after conducting a comprehensive systematic review and meta-
analysis, endorses endoscopic sleeve gastroplasty (ESG) as an effective and valuable treatment for obesity. ESG is particularly 
beneficial for patients with class I and II obesity, as well as for those with class III obesity who are not suitable candidates for 
metabolic bariatric surgery. ESG provides significant weight loss outcomes and demonstrates a favorable safety profile with 
a low rate of serious adverse events. Despite the limitations of the included observational studies, the randomized controlled 
trial included in the analysis reinforces the efficacy and safety of ESG and provides an evidence-based foundation for the 
position statement. Thus, the IFSO position statement supports and provides an evidence base for the role of ESG within 
the broader spectrum of obesity management.

Keywords  Obesity · Endoscopic Sleeve Gastroplasty · Meta-analysis

Introduction

Obesity rates are galloping, though regional, cultural, and 
socioeconomic factors contribute to disparities in distribu-
tion, prevalence, and incidence across the globe [1]. Still, the 
World Health Organization (WHO) estimates that 1.9 billion 
people are overweight, with 650 million having obesity as 
of 2016 [2]. In the United States, around 40% of the popula-
tion currently live with obesity [3, 4], and prediction models 
estimate that this number will increase to 51% by 2030 [5]. 
After unsuccessful non-invasive therapies, metabolic and 
bariatric surgery (MBS) is the gold-standard treatment to 
address moderate to severe obesity. Most recently, it has also 
been proposed for mild obesity if it is associated with refrac-
tory metabolic diseases [6]. MBS is effective and safe in the 
short and long term, promoting sustained weight loss and 
reliable reduction in all-cause mortality rates [7].

Data show that MBS procedures have increased over dec-
ades [8, 9]. However, the rate of obesity growth is outpacing 
the growth in surgical interventions [10]. In addition, several 
patients refuse surgical treatment, others are at high surgical 
risk, and some suffer from overweight or mild obesity but 
are still not eligible for MBS. Nevertheless, obesity-related 
complications increase in states of overweight and mild obe-
sity [11]. Altogether, a gap between the needs of patients 
with obesity and what we can offer in terms of medical and 
surgical interventions exists.

This unmet need has driven the development of endoscopic 
solutions to address obesity, particularly when MBS is not fea-
sible or indicated. Endoscopic bariatric therapies offer several 
advantages, including organ preservation, an improved risk 
profile, reduced healthcare utilization, and decreased burden 
of compliance on the patient. These benefits potentially enable 
the scalability of procedural offerings to effectively combat 
excess adiposity. Endoscopic sleeve gastroplasty (ESG) is one 
such solution that has gained global adoption from patients and 
providers in the past few years. In its current clinically adopted 
and regulatory approved form (Fig. 1) [12], ESG employs the 
Apollo Overstitch™ platform (Boston Scientific, Marlborough, 

MA, USA)—a full-thickness endoscopic suturing device to cre-
ate apposition of the anterior against the posterior wall of the 
stomach, passing through the greater curvature [13, 14]. The 
Overstitch™ platform is currently the only US FDA–approved 
endoscopic suturing device for an obesity indication. Suturing 
starts at the transition between the gastric body and antrum, 
moving proximally toward the fundus, which is typically par-
tially reduced with the preservation of a small pouch to allow 
fundal accommodation. Thus, it tubularizes the gastric body, 
altering satiety and satiation [15]. Although different stitching 
patterns have been proposed and discussed [16–18], the above-
mentioned anatomic principles are consistent across centers and 
providers; thus, the procedure is clinically mature, homogene-
ous, and reproducible [19].

The evidence concerning the efficacy and safety of the ESG 
has been mounting. More than 200 international medical arti-
cles have been published on this topic, with study designs vary-
ing from large cases series [20] to cohort studies [21] and, more 
recently, also includes an open-label, multicenter randomized 
trial with 24 months follow-up [22]. The procedure is currently 
employed clinically in all continents, and more than 40,000 
clinical procedures have been performed to date. A recent 
IFSO International Delphi consensus conference highlighted 
that multidisciplinary experts agree on the utility of ESG for 
managing obesity in patients with class I and II obesity and 
for those with class III obesity who do not wish to pursue or 
qualify for MBS in the context of a comprehensive multidisci-
plinary obesity program [23]. This IFSO Bariatric Endoscopy 
Committee position statement aims to augment these consensus 
statements by providing a comprehensive systematic review of 
the evidence and delivering an evidence-based position on the 
value of ESG within the spectrum of obesity care.

Methods

This position statement is derived after a comprehensive sys-
tematic review to retrieve all available data on the outcomes 
of ESG. All the Preferred Reporting Items for Systematic 
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Reviews and Meta-analyses (PRISMA) [24] and Cochrane 
Handbook for Systematic Reviews of Interventions [25] guide-
lines were rigorously followed for this position statement’s sys-
tematic review and meta-analysis portion. Two independent 
researchers (VOB and NJ) conducted all literature searches and 
a third independent reviewer adjudicated discrepancies. After 
defining the eligibility criteria, final inclusion was determined 
by consensus with two additional researchers (RK and BAD). 
One researcher collected data from the included studies using 
a standardized shared spreadsheet, and another independently 
validated the data extraction. Methodologists’ names and affili-
ations are in the “Acknowledgements” section.

The risk of bias in the included studies was assessed using 
the Joanna Briggs Institute Critical Appraisal checklist for case 
series [26], the New-Castle Ottawa scale for cohort studies 
[27], and both JADAD score [28] and a modified Cochrane 

Collaboration Risk of Bias tool (available from https://​www.​
ncbi.​nlm.​nih.​gov/​books/​NBK13​2494/​bin/​appf-​fm1.​pdf).

We used the Review Manager (Version 5.4, the Cochrane 
Collaboration, 2020) for pooling comparative data and the 
Comprehensive Meta-analysis software (Version 4, Bio-
stat, Englewood, NJ, USA, 2022) to pool non-comparative 
data. Means and standard deviations (SDs) were estimated 
from medians and ranges based on previously validated 
mathematical formulas [29]. The estimation of standard 
deviation based on interquartile ranges, or 95% confidence 
interval (CI), followed the instructions in the Cochrane 
Handbook (Chapter 06, Section 6–5-2) [25]. If the article 
did not provide any measure for dispersion or sample size, 
we attempted to obtain them by emailing the authors. If 
unsuccessful, we proceeded with data input based on the 
SD of articles with similar sample sizes and time points (per 
Cochrane Handbook’s guidance).

Continuous variables were expressed preferably as means 
and standard deviation, while categorical ones were expressed 
as rates or frequencies. A p-value < 0.05 was considered sta-
tistically significant for a 95%CI. As a measure of effect, 
we employed main difference (MD) with fixed-effect mode 
analysis to compare data. Then, we assessed for heterogeneity 
among studies with the Higgins test (I2). I2 higher than 50% 
indicated high heterogeneity, and sensitivity analyses utilizing 
forest plots were undertaken to assess for outliers. If no true 
outliers were identified, the heterogeneity was considered true, 
and we switched from fixed to random-effect mode analysis to 
mitigate its impact on the summary estimate.

Using the results from the critical appraisal/risk of bias 
assessment and the meta-analysis, we evaluated the qual-
ity of the current evidence using the Grading of Recom-
mendations, Assessment, Development, and Evaluations 
(GRADE) approach [30]. This standardized methodology 
analyzes data per outcome and uses several aspects of the 
studies (study design, risk of bias, imprecision, inconsist-
ency, indirectness, publication bias, magnitude of effect, 
dose–response gradient, impact of residual confounding 
on the summary estimate) to classify the quality of the 
pooled evidence into 4 different categories: VERY LOW, 
LOW, MODERATE, and HIGH. This assessment demon-
strates our certainty on how close the actual effect is to 
the effect estimated in our meta-analysis. All the data was 
input into the GRADEpro GDT online software (GRADE-
pro Guideline Development Tool, McMaster University, 
and Evidence Prime, 2022) for analysis and generation of 
the overall quality of evidence.

Finally, considering all the information gathered from the 
systematic literature review and meta-analysis, balancing the 
benefits and harms of the therapy, clinicians’ values and prefer-
ences, resource utilization, and cost-effectiveness, the commit-
tee determined the final position statement and level of support.

Fig. 1   Schematic representation of the endoscopic sleeve gastroplasty 
procedure

https://www.ncbi.nlm.nih.gov/books/NBK132494/bin/appf-fm1.pdf
https://www.ncbi.nlm.nih.gov/books/NBK132494/bin/appf-fm1.pdf
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Results

Safety and Efficacy of ESG

Outcomes of ESG

Systematic Review  Two independent researchers (VOB and 
NJ) ran separate literature searches assessing eligible studies. 
We searched MEDLINE (PubMed), EMBASE, and gray lit-
erature from January 1, 2013 (the year ESG was described), 
to October 1, 2022. The final strategy was as follows:

–	 MEDLINE (PubMed): (total weight loss) OR (total 
body weight loss) OR (excess weight loss) OR (abso-
lute weight loss) OR (excess body weight loss) OR 
(responders rate) OR (adverse event) OR (BMI reduc-

tion) OR (BMI decrease) OR (complication) AND 
(endoscopy) OR (endoscopic) OR (transoral*)OR (per-
oral*)OR (incisionless) AND (sleeve) OR ( overstitch) 
OR (gastroplasty) OR (gastric plication) OR (gastric 
imbrication) AND (overweight) OR (obesity) AND 
("2013/01/01"[Date—Publication]: "3000"[Date—
Publication])

–	 EMBASE: endoscopic AND sleeve AND gastroplasty OR 
(apollo AND overstitch) AND [embase]/lim NOT ([embase]/
lim AND [medline]/lim) AND ('article'/it OR 'article in 
press'/it OR 'conference review'/it OR 'note'/it OR 'review'/it)

The eligibility criteria included:

–	 Articles published online from 1 Jan. 2013 until 1 Oct. 
2022 (last search update);

Fig. 2   PRISMA flowchart for 
the literature screening and 
inclusion/exclusion process for 
the overall outcomes of ESG 
(non-comparative analysis)
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–	 ESG performed with the Apollo Overstitch device (no 
restriction as to stitching pattern);

–	 No language restriction;
–	 Full-text articles only;
–	 Study designs case series with sample ≥ 10, cohort stud-

ies, case–control studies, and randomized trials. For the 
non-comparative meta-analysis, we extracted results 
from the ESG cohort from comparative studies;

–	 To avoid overestimating the real sample, only the most 
recent or the most representative (larger sample) study was 
considered for each center if repeated data was suspected;

–	 Studies describing outcomes at predetermined time 
points: 6, 12, 18, 24, 36, > 36 months;

–	 Studies reporting efficacy and/or safety data.

The initial search retrieved 3015 records. After screening 
titles and abstracts, 100 articles were selected for full-text 
assessment. Finally, 44 articles were included in the qualita-
tive and quantitative analyses. Figure 2 shows the screening 
and inclusion/exclusion flowchart.

Descriptive Analysis 

Baseline and Demographic Data
Among the 44 articles, we identified 29 case series, 14 
cohort studies, and 1 randomized controlled trial (RCT). 
Among the cohort studies, 7 compared ESG to LSG, 1 
compared ESG to lifestyle intervention alone, 1 compared 
ESG versus ESG plus anti-obesity medication (liraglu-
tide), 2 compared ESG and intragastric balloons, and 3 
compared ESG cohorts with different stitching patterns. 
Table 1 summarizes the overall and baseline data of the 
qualitative analysis of the included studies.
Among the 44 articles, the total sample included 49,848 
patients (15,714 ESG and 34,134 controls, includ-
ing LSG, laparoscopic adjustable gastric banding, and 
IGB). At baseline, the mean age and BMI were 44.24 
(SE 1.405, 95%CI 41.48–46–99, 41 articles n = 13,562) 
and 37.56 (SE 0.45 95%CI 36.66–38.46, 42 articles, 
n = 13,876), respectively. Most patients were female 
(11,449 females, 83.2% and 2304 males, 16.8%, 42 arti-
cles, n = 13,753).

Risk of Bias/Critical Appraisal Assessment  All included stud-
ies were assessed for their risk of bias using specific tools 
based on the study design. Case series were evaluated using 
the Joanna Briggs Institute Critical Appraisal Checklist. Ten 
items are scored based on the perceived risk, and the scoring 
is positive. The scale ranges from 0 to 10, with 0 being the 
highest risk of bias and 10 being the lowest. The included 
case series (29 articles) had a mean score of 7.5 ± 1.8. Report-
ing of outcomes, and follow-up, and statistical analyses were 
the two topics with the worst positive scoring (16/29, 55.2%).Ta
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For cohort studies, we employed the New-Castle Ottawa 
scale that assesses 8 topics for bias. The scale ranges from 
0 to 9, with 0 being the highest risk of bias and 9 being 
the lowest. The 14 included cohort articles scored an aver-
age of 6.07 ± 1.43. The selection of a non-exposed cohort 
and the duration of follow-up were the two topics with the 
worst scoring, thus most subject to bias (0.42 ± 0.51 and 
0.35 ± 0.49).

For the single RCT [22], the JADAD score was 3, which is 
the maximum score for open-label trials. As to the modified 
Cochrane risk of bias tool, the trial was at low risk for selec-
tion and reporting bias. However, we detected a high risk 
of other biases: performance, detection, and attrition. The 
GRADE assessment of the quality of evidence later weighted 
the impact of those biases. Tables 2, 3, and 4 summarize 
the assessment of biases for case series, cohorts, and RCT, 
respectively.

Meta‑analysis  Forty-two articles reported %Excess 
Weight Loss (%EWL) and/or %Total Body Weight Loss 
(%TBWL) at least in one time point of interest (6, 12, 
18, 24, 36, > 36  months). Two articles [50, 64] only 
reported safety outcomes. Continuous variables (%EWL 
and %TBWL) were pooled using the CMA software, 
and the results are presented ahead of time according 
to time points. Categorical variables were pooled using 
absolute numbers to calculate pooled rates. Four articles 
reported the responder rate as ≥ 5%TWL at 12 months, 
and 9 reported it as ≥ 10%TBWL. The pooled rates were 
422/478 (88.3%) and 632/768 (82.3%). Forty articles 
reported the SAEs rate (according to the FDA defini-
tion from https://​www.​fda.​gov/​safety/​repor​ting-​serio​
us-​probl​ems-​fda/​what-​serio​us-​adver​se-​event). Among 
15,398 ESG procedures, 194 events fulfilled the criteria 
for SAE for a pooled rate of 1.25%. Table 5 shows all 
outcomes of the included studies according to follow-up 
time points, and Fig. 2 graphically depicts weight loss 
outcomes over time.

Summary of Weight Loss Outcomes After 
ESG (Table 6 and Fig. 3)

Quality of Evidence Assessment

All pooled outcomes were assessed for the quality of evi-
dence according to the GRADE methodology. Since this 
analysis included only non-comparative data, all endpoints 
were rated as VERY LOW quality of evidence. Table 7 
depicts the GRADE assessment.Ta
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Direct Comparative ESG Studies

Systematic Review

Two independent researchers (VOB and NJ) ran separate 
literature searches assessing eligible studies. We searched 
MEDLINE (PubMed), EMBASE, and gray literature from 
January 1, 2013 (the year ESG was described), to Octo-
ber 1, 2022. The step-by-step construction of the search 
strategy is provided in SUPPL 3. The final strategy was 
as follows:

–	 MEDLINE (PubMed):(excess weight) OR (overweight) 
OR (obesity) AND (endoscopy) OR (endoscopic) OR 
(transoral*) OR (peroral*) OR (incisionless) AND 
(sleeve) OR (overstitch) OR (gastroplasty) OR (gastric 
plication) OR (gastric imbrication) AND (lifestyle) OR 
(diet) OR (exercise) OR (counseling) OR (sham) OR 
(placebo)

–	 EMBASE: endoscopic AND sleeve AND gastroplasty 
OR (apollo AND overstitch) AND [embase]/lim NOT 
([embase]/lim AND [medline]/lim) AND ('article'/it OR 
'article in press'/it OR 'conference review'/it OR 'note'/
it OR 'review'/it)

The eligibility criteria included:

–	 Articles published online from 01/JAN/2013 until 01/
OCT/2022 (last search update);

–	 ESG performed with the Apollo Overstitch device (no 
restriction as to stitching pattern);

–	 No language restriction;
–	 Full-text articles only;
–	 Comparative study designs: cohort studies, case–con-

trol studies, and randomized trials;
–	 Studies reporting efficacy and/or safety data.

The initial search retrieved 537 records. After screening 
titles and abstracts, 13 articles were selected for full-text 
assessment. Finally, only 2 articles were included in the 
qualitative and quantitative analyses. Figure 4 shows the 
screening and inclusion/exclusion flowchart.

Descriptive Analysis  Cheskin et al. [40] and Abu Dayyeh 
et al. [22] were eligible studies for directly comparing 
ESG and lifestyle intervention. The first was a case-
matched (1 ESG: 2–3 controls) cohort study compar-
ing ESG plus low-intensity diet and lifestyle therapy 
(LIDLT) versus high-intensity diet and lifestyle therapy 
(HIDLT). This study included patients with obesity class 
1 or higher. For both groups, patients paid out-of-pocket 
for the treatment (total cost ESG: U$ 16,000; total cost 

HIDLT: U$ 3200). A total of 386 patients (105 ESG, 
281 control) were included in the study, with similar 
baseline characteristics. The final follow-up visit was 
at 12 months.

Abu Dayyeh et al. [22] was a multicenter, US FDA–reg-
ulated, open-label, randomized trial comparing ESG plus 
lifestyle interventions to lifestyle intervention alone (MERIT 
Trial). Only patients with obesity classes I and II (BMI 
30–40 kg/m2) were included and allocated to ESG or con-
trol group in a 1–1.5 ratio. After 52 weeks, compliant control 
patients crossed over to ESG. Two hundred and nine patients 
(85 ESG, 124 control) were enrolled and had similar base-
line characteristics. The primary endpoints were %EWL and 
%TBWL at 12 months, but there was an extended follow-
up at 24 months for the intervention group and a 12-month 
follow-up for the control group crossing over to intervention.

The baseline data and the critical appraisal/risk of bias 
assessment for the studies are summarized in Tables 1, 3, and 4.

Meta‑analysis  The two studies differ in design (cohort vs. 
RCT) and population (non-specified obesity vs. class I and 
II). According to the Cochrane Handbook [25], data from 
different study designs should not be pooled when few eligi-
ble studies exist. Therefore, we analyzed data from Cheskin 
et al. 2020 and Abu Dayyeh et al. 2022 separately. Since we 
could not pool data from different studies, heterogeneity, and 
sensitivity analyses do not apply.

A)	 Outcomes from MERIT Trial [22]

–	 At 12 months, the mean difference in weight loss 
outcomes compared to moderate-intensity lifestyle 
control was.

MD (%EWL): 46.00 [38.05–53.95, 95%CI] – 
Fig. 5
MD (%TBWL): 13.10 [11.08–15.12, 95%CI] – 
Fig. 6
SAE rate was 2% without mortality or need for 
intensive care or surgical intervention

The quality of evidence Abu Dayyeh et al. generated was 
MODERATE according to the GRADE methodology. Overall, 
data coming from a single study (imprecision) and the absence 
of double blinding were the two factors downgrading the qual-
ity of evidence. Table 8 summarizes the GRADE assessment.

B)	 Outcomes from Cheskin et al. (ADD REF here)

–	 At 12 months, the mean difference in weight loss 
outcomes compared to high-intensity lifestyle con-
trol [40].
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MD (%TBWL): 6.3 [3.12-9.48, 95%CI] – Figure 7
Adverse events rate in the ESG group was 4.8%, 
with no mortality, need for intensive care, or sur-
gical intervention.

The quality of evidence Cheskin et al. generated was 
VERY LOW according to the GRADE methodology. Over-
all, data from a single study (imprecision) and a non-rand-
omized study design (selection bias) led to the final quality 
of evidence. Table 9 summarizes the GRADE assessment.

IFSO Bariatric Endoscopy Position Statement 
and Future Direction

Based on a comprehensive systematic review and meta-
analysis, the IFSO Bariatric Endoscopy Committee endorses 
endoscopic sleeve gastroplasty (ESG) as an effective and 

valuable intervention for managing obesity. ESG is particu-
larly beneficial for patients with class I and II obesity, as 
well as for those with class III obesity who are not suitable 
candidates for traditional MBS. This minimally invasive pro-
cedure not only achieves significant weight loss outcomes 
in the short and mid-terms but also maintains a favorable 
safety profile, as evidenced by a low incidence of serious 
adverse events.

The systematic review encompassed numerous obser-
vational studies, which, despite being categorized as very 
low quality, consistently reported positive and similar out-
comes from different cohorts and practice settings glob-
ally, indicating reproducibility, generalizability, and matu-
rity of ESG. Additionally, including a single randomized 
controlled trial in the meta-analysis provided moderate 
quality evidence, further substantiating the efficacy and 
safety of ESG. This dual-source evidence base enhances the 

Table 6   Summary of weight loss outcomes after ESG

*SE standard errors, CI confidence interval, EWL excess weight loss, TBWL total body weight loss

Time Mean %EWL Mean %TBWL

6 months 48.04% (SE 3.59, 95%CI 40.98–55.09, 24 articles, 4329 patients) 15.66% (SE 0.35, 95%CI 14.95–16.36, 33 articles, 5227 patients)
12 months 53.09% (SE 4.15, 95%CI 44.95–61.23, 21 articles, 3652 patients) 17.56% (SE 0.39, 95%CI 16.8–18.32, 27 articles, 4118 patients)
18 months 57.98% (SE 7.38, 95%CI 43.5–72.46, 6 articles, 215 patients) 16.25% (SE 0.95, 95%CI 14.38–18.13, 5 articles, 207 patients)
24 months 46.57% (SE 9.85, 95%CI 27.26–65.88, 6 articles, 2070 patients) 15.2% (SE 0.93, 95%CI 13.36–17.04, 6 articles, 2123 patients)
36 months 53.18% (SE 7.25, 2 articles, 922 patients) 14.07% (SE 0.39, 2 articles, 922 patients)
60 months 45.3 (SD 47.32, 1 article, 56 patients) 15.9 (SD 16.79, 1 article, 56 patients)

Fig. 3   Figure displaying the 
mean percentage of excess 
weight loss (%EWL) and total 
body weight loss (%TBWL) 
over different time points 
following endoscopic sleeve 
gastroplasty (ESG) with stand-
ard error bars. The sample sizes 
and the number of articles at 
each time point are incorporated 
above the bars for clarity and 
additional context
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Table 7   GRADE assessment of the quality of evidence for the non-comparative meta-analysis

(a) Data from case series
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robustness of the findings, lending more significant support 
to the recently published IFSO International Delphi Con-
sensus statement on the position of ESG in the spectrum of 
obesity care [23].

It is important to emphasize the crucial role of integrating 
and complementing any obesity intervention, such as ESG, 
with a comprehensive and longitudinal healthy living pro-
gram. This program should include a healthy diet, physical 

activity, adequate sleep, and mindfulness to maintain the 
weight loss benefits and maximize the overall impact on 
health by the intervention. By incorporating ESG into a 
comprehensive program, healthcare providers can offer a 
broader spectrum of options for obesity management tai-
lored to the needs and circumstances of individual patients. 
This integrated approach enhances the effectiveness of ESG 
but also ensures long-term health benefits for patients.

Fig. 4   PRISMA flowchart for 
the literature screening and 
inclusion/exclusion process 
for only comparing ESG and 
lifestyle intervention

Fig. 5   Forest plot for %EWL at 12 months in comparing ESG vs. lifestyle intervention for patients with class I and II obesity
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Fig. 6   Forest plot for %TBWL at 12 months in comparing ESG vs. lifestyle intervention for patients with class I and II obesity

Table 8   GRADE assessment  of the quality of evidence for comparing ESG vs. lifestyle intervention for patients with mild and moderate obesity

CI confidence interval, MD mean difference, OR odds ratio. (a) Open-label trial (detection bias) and loss to follow-up rates (20% intervention, 
29% control group). Attrition bias present. (b) Single RCT with 77 patients in the intervention arm and 110 in the control arm. Large SDs: mean 
49.2 ± 32 versus 3.2 ± 18.6. (c) Single RCT with 77 patients in the intervention arm and 110 in the control arm. Large SD: mean 13.6 ± 8 ver-
sus 0.8 ± 5. (d) Single RCT with 77 patients in the intervention arm and 110 in the control arm
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Future Direction

In this report, we investigated endoscopic sleeve gastro-
plasty utilizing the Apollo Overstitch™ platform (Bos-
ton Scientific, Marlborough, MA, USA) based on the 
maturity of the technique, regulatory approvals (https://​
www.​acces​sdata.​fda.​gov/​cdrh_​docs/​pdf21/​DEN21​0045.​
pdf, https://​www.​nice.​org.​uk/​guida​nce/​ipg783) and 

cost-effectiveness [72–74]. Other endoscopic gastric 
remodeling techniques, including the Primary Obesity 
Surgery Endoluminal 2.0 (USGI Medical, San Clemente, 
CA), Endomina™ Gastric Plication (Endo Tools, Gos-
selies, Belgium), and the Endozip™ automated suturing 
device (Caesarea, Israel), are at different stages of clini-
cal trials and evidence generation and are demonstrating 
similar safety and efficacy profiles. The committee will 

Fig. 7   Forest plot for %TBWL 
at 12 months in the compari-
son of ESG vs. high-intensity 
lifestyle intervention for patients 
with obesity (all classes)

Table 9   GRADE assessment of the quality of evidence for comparing ESG vs. lifestyle intervention for patients with mild and moderate obesity. 
Question: ESG plus lifestyle modification compared to Lifestyle modification alone for obesity

CI confidence interval, MD mean difference, OR odds ratio. (a) Selection bias (matched controls). Channeling bias. Confounding variables 
(socio-economic status), high loss to follow-up rates. (b) Single study, small total sample size/small number of events, large SDs

https://www.accessdata.fda.gov/cdrh_docs/pdf21/DEN210045.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf21/DEN210045.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf21/DEN210045.pdf
https://www.nice.org.uk/guidance/ipg783
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update its position statement to reflect and incorporate 
the evolving evidence base as the clinical evidence con-
tinues to mature for these procedures.

Advancements in obesity management medication now 
offer effective options for selected patients. The value propo-
sition and comparative effectiveness of ESG compared to, or 
in addition to, obesity pharmacotherapies is an active area 
of investigation. Observational studies have demonstrated 
the benefits of combining or sequencing ESG with obesity 
pharmacotherapies, particularly in enhancing the durability 
of the response [75].

However, given the limited follow-up in the existing lit-
erature—typically extending to five years or less—additional 
data is required to better understand the different archetypes 
of response to ESG over the long term. This data will also 
help in defining optimal personalized approaches to maxi-
mize the durability of the response and improve long-term 
health outcomes.
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