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Abstract
Introduction

Endoscopic approaches have been introduced for weight loss and metabolic disease management. Duodenal
mucosal resurfacing (DMR) is an emerging endoscopic technique used to treat these conditions. This meta-
analysis aims to evaluate the efficacy and safety of DMR.

Methods

We searched PubMed, Scopus, and Cochrane databases up to November 2025. The primary outcomes were weight
loss, hemoglobin A1c (HbA1c), fasting plasma glucose (FPG), and urine microalbumin levels, with follow-up periods
up to 24 months. Secondary outcomes included C-peptide, fasting insulin, Homeostasis Model Assessment of
Insulin Resistance (HOMA-IR) score, liver function, lipid profiles, adverse events, and patient-reported treatment
satisfaction. A subgroup analysis was conducted specifically for patients with type 2 diabetes mellitus (T2DM).

Results

A total of 16 studies involving 356 patients who underwent DMR were included. Over 24-month follow-up, patients
treated with DMR demonstrated significant weight loss (MD: –2.50 kg; 95% CI: –2.60 to –2.39) and FPG levels (MD:
–2.01 mmol/L; 95% CI: –2.43 to –1.60). In subgroup analyses of T2DM, DMR was associated with significant
reductions in HbA1c (MD: –0.64%; 95% CI: –1.11 to –0.16) and insulin resistance as measured by HOMA-IR (MD: –
3.93; 95% CI: –6.78 to –1.09). Notably, 59% of patients remained insulin-independent at the end of the study period.
Patient-reported outcomes showed favorable treatment satisfaction.

Conclusion

Modest but durable improvements in weight loss and glycemic outcomes were observed among patients who
underwent DMR across diverse settings, with a favorable safety profile. These findings suggest DMR warrants
further investigation as an adjunctive option for metabolic disease management.

Introduction
Metabolic syndrome, a combination of conditions including obesity, dyslipidemia, insulin resistance, and
hypertension, significantly increases the risk of developing diabetes mellitus and cardiovascular diseases.1 It is

estimated to affect around 30-40% of adults worldwide, with a continuing upward trend in recent years.2 While the
initial treatments include lifestyle modifications and medication,3 bariatric surgery has become an important
definitive therapy, especially for individuals who failed to achieve therapeutic goals after the first-line
management.4 

Although highly effective, conventional bariatric procedures are associated with long operative and anesthetic
induction time, and prolonged hospitalization, especially in patients with multiple comorbidities.5These drawbacks
of conventional bariatric surgery have driven the emergence of endoscopic bariatric and metabolic therapies
(EBMTs) with the key advantage being minimally-invasive, resulting in lower operative time and risks.6Established
EBMTs such as endoscopic sleeve gastroplasty, primary obesity surgery endoluminal, and intragastric balloon have
proven beneficial in patients who do not meet surgical criteria.7,8 These interventions primarily promote weight loss

through gastric volume restriction, resulting in direct caloric reduction.9,10However, they do not address the indirect
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hormonal dysregulation underlying the metabolic syndrome. This encourages the development of Duodenal
Mucosal Resurfacing (DMR), a novel EBMT, which mimics the enhanced incretin effect observed in Roux-en-Y
Gastric Bypass (RYGB), a conventional bariatric technique that involves bypassing the duodenum.11

DMR is performed by selectively ablating the duodenal mucosal lining to disrupt abnormal villous tips and
regenerate normal tissue,12 aiming to recondition the dysregulated enteroendocrine signaling pathways, which have
been suggested by basic biomedical studies as the underlying mechanism in altered glucagon-like peptide 1 (GLP-
1), glucose-dependent insulinotropic polypeptide (GIP), peptide YY, and gut microbiome, resulting in insulin
resistance and metabolic dysfunction.13,14This concept gives DMR a potential benefit in both metabolic regulation
and weight control.

Early clinical studies have demonstrated DMR’s promising profile in managing metabolic diseases with low adverse
events rate.15,16,17 This meta-analysis aimed to evaluate the efficacy and safety outcomes of DMR across various
conditions to provide a better understanding of its role and application in the management of metabolic syndrome.

Methods
Our meta-analysis has been registered in the International Prospective Register of Systematic Reviews (PROSPERO,
CRD No. 420251181910) and written according to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. 

Search strategy

We searched for articles published up to November 2025 through the following databases: PubMed, Scopus, and
Cochrane. 

Primary outcomes were weight loss, hemoglobin A1c (HbA1c), fasting plasma glucose (FPG), and urine
microalbumin levels following DMR, with follow-up periods of up to 24 months. Secondary outcomes included C-
peptide, fasting insulin, Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) score, liver function, lipid
profiles, adverse events, patient-reported satisfaction, and technical success rate. We searched for terms related to
“duodenal mucosal resurfacing” and “duodenal ablation”. The full search strategy is illustrated in Supplementary
Table S1. The references of the included articles were further sought through to expand our list of relevant studies.

Selection criteria

We included randomized controlled trials, cross-sectional studies, case-control studies, or cohort studies evaluating
the metabolic outcomes and rate of adverse events of DMR. Inclusion criteria are adult (> 18 years old) patients
with BMI over 24 kg/m2 who have undergone DMR. Exclusion criteria are type 1 diabetes mellitus or patients who
have previously undergone bariatric surgery. Case reports, case series, review articles, abstract and conference
papers were excluded. Moreover, studies not reporting outcome as mean ± standard deviation (SD), median
(interquartile range [IQR] Q1-Q3), odds ratio (OR), hazard ratio (HR), relative risk (RR), or proportions were excluded.
Sample size, specific conditions, and ethnicity of the population were not limiting factors for inclusion. 

Data abstraction 

Data on study-related, participant-related and intervention-related parameters were retrieved into a standardized
data record form by two investigators (Nattawin S. and Nicharorn S.) independently; Using a structured form, the
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following information was collected from the included studies: (1) Basic information of literature: title, year of the
study, name of the first author, study type, publication year, the country where the study was conducted, recruitment
and follow-up period, funding and conflict of interest. (2) Patient baseline characteristics, demographic data,
underlying diseases, included population inclusion and exclusion criteria, sample size, and intervention subtypes.
(3) OR and HR with 95% confidence interval (CI), proportions, mean and mean difference, median and median
difference, SD, and IQR of the outcomes of interests. 

For each outcome, the longest available follow-up was extracted. If multiple timepoints were reported, earlier
follow-up durations were not used unless the longest follow-up was missing the outcome or reported low follow-up
rate (< 40%), in that case the next longest available timepoint was selected. If multiple publications investigating
overlapping cohorts were available, we included only one study that has the longest follow-up time, per unique
cohort per outcome to prevent double counting. 

Quality assessment 

Quality assessment of included trials was conducted using the Cochrane Risk of Bias 2 tool for randomized
controlled trials, consisting of 5 domains. Each of the domains were given an evaluation of “low risks”, “some
concerns”, or “high risks”. The Newcastle-Ottawa assessment scale was used for quality appraisal of the case-
control, cohort, and cross-sectional studies. Assessment encompassed 3 domains: study group selection (S)
consisting of 4 items with a maximum score of 4, group comparability (C) with 2 items and a maximum score of 2,
and exposure and outcome (O) including 3 items and a maximum score of 3. Bias assessment results were
presented as numerical values. Data was assessed independently by two investigators (Nattawin S. and Nicharorn
S.). All disagreements were resolved by the third investigator (Noppachai S.).

Statistical analysis 

The data analysis was conducted using R version 4.5.0. Heterogeneity was assessed using I2 statistics, with values
of 25%, 50%, and 75% representing low, moderate, and high heterogeneity, respectively. A random-effects model
with the DerSimonian-Laird method was used to account for between-study variability. For each outcome, the
longest available follow-up data were extracted; follow-up durations included studies ranging from 6 to 24 months.
Effect estimates were presented as mean differences or proportions with 95% confidence intervals. To minimize
confounding factors, univariable and multivariable data were analyzed independently. Subgroup analyses were
performed by disease condition (T2DM, non-alcoholic steatohepatitis, polycystic ovarian syndrome) and by DMR
technique (hydrothermal, electroporation, radiofrequency). Publication bias was assessed using funnel plot
symmetry.

Results
As shown in Figure 1, our search strategy yielded 658 articles. After screening the abstracts, a total of 26 studies
underwent further revision. Subsequently, 10 papers were excluded during full text review due to irrelevant outcome
or unsuitable study design, while no extra studies were found during citations search of relevant articles. As a
result, 16 studies consisting of 2 randomized controlled trials and 14 single-arm observational studies, with a total
of 356 participants who underwent DMR were included.15-30 Baseline characteristics of included studies and quality
assessment are presented in Supplementary Table S2 and Supplementary Table S3, respectively.

Outcomes
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Technical success rate was reported in 5 studies, at 97% (95% CI: 33 to 100). Hydrothermal DMR had a technical
success rate of 82% (95% CI: 0.64 to 0.92), whereas electroporation DMR was 100% (95% CI: 0.77 to 1.00), and
radiofrequency DMR was 100% (95% CI: 0.87 to 1.00).

Pooled estimates of metabolic parameters are presented in Table 1. Over 24 months follow-up, DMR resulted in
significant reduction in body weight (MD: –2.50 kg; 95% CI: –2.60 to –2.39) and FPG (MD: –2.01 mmol/L; 95% CI: –
2.43 to –1.60) compared with pre-DMR values. In contrast, changes in HbA1c (MD: –0.19%; 95% CI: –0.59 to 0.21),
C-peptide (MD: –0.12 nmol/L; 95% CI: –0.42 to 0.18), fasting insulin (MD: –2.55 pmol/L; 95% CI: –17.77 to 12.68),
urine microalbumin (MD: –3.00 mg/L; 95% CI: –33.19 to 27.19) and HOMA-IR score (MD: –1.97; 95% CI: –4.77 to
0.83) were not statistically significant. Liver-related parameters, including liver enzymes, the Fibrosis-4 (FIB-4)
index, and liver fat fraction, showed no significant changes: AST decreased by 4.87 U/L (95% CI: –15.66 to 5.93),
ALT by 8.22 U/L (95% CI: –23.72 to 7.28), FIB-4 index by 0.35 (95% CI: –1.81 to 1.11), and liver fat fraction by 2.75%
(95% CI: –10.24 to 4.73). Similarly, no significant differences were observed in lipid profiles, including total
cholesterol (MD: –0.10 mmol/L; 95% CI: –0.93 to 0.72), triglycerides (MD: –0.48 mmol/L; 95% CI: –1.14 to 0.18),
LDL-cholesterol (MD: –0.13 mmol/L; 95% CI: –0.58 to 0.32), and HDL-cholesterol (MD: 0.06 mmol/L; 95% CI: –0.26
to 0.38). 

Table 1. Pooled Effects Estimates of Metabolic Parameters in Patients who Underwent Duodenal Mucosal
Resurfacing.
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Outcomes Pop. Baseline End of study Mean difference

k Mean
(95%CI)

I2 k Mean
(95%CI)

I2 k MD
(95%CI)

I2 p
value

BMI (kg/m2) All 3 30.11
(26.06,
34.78)

76.6% 3 26.47
(18.11,
38.69)

94.4% 3 ﻿-1.48
(-5.77,
2.81)

0.0% 0.276

Weight (kg) All 7 87.83
(82.22,
93.83)

76.3% 5 86.72
(75.97,
98.98)

77.1% 8 -2.50
(-2.60,
-2.39)

0.0% <
0.001*

HbA1C (%) All 9 8.26
(7.45,
9.17)

97.8% 6 7.54
(6.70,
8.49)

92.4% 9 ﻿-0.19
(-0.59,
0.21)

0.0% 0.306

T2DM 8 8.56
(7.85,
9.33)

93.2% 5 7.83
(6.96,
8.81)

67.7% 8 ﻿-0.64
(-1.11,
-0.16)

0.0% 0.016*

FPG (mmol/l) All 4 10.39
(8.58,
12.58)

70.5% 4 8.40
(6.24,
11.31)

92.4% 3 -2.01
(-2.43,
-1.60)

0.0% 0.002*

C-peptide
(nmol/l)

All 3 0.72
(0.33,
1.58)

85.3% 3 0.63
(0.27,
1.47)

93.4% 3 ﻿-0.12
(-0.42,
0.18)

0.0% 0.229

Fasting
insulin
(pmol/l)

All 4 81.73
(76.78,
87.00)

34.8% 4 70.65
(38.68,
129.06)

78.4% 4 ﻿-2.55
(-17.77,
12.68)

0.0% 0.631

HOMA-IR All 5 6.94
(5.52,
8.73)

39.5% 4 4.07
(1.61,
10.30)

89.0% 5 ﻿-1.97
(-4.77,
0.83)

0.0% 0.123

T2DM 3 7.44
(4.29,
12.92)

59.5% 2 2.64
(0.02,
384.62)

85.1% 3 -﻿3.93
(-6.78,
-1.09)

0.0% 0.027*

Urine
microalbumin
(mg/l)

All 2 12.95
(0.0,
2343.34)

17.1% 2 7.32
(0.00,
20840.42)

88.4% 2 ﻿-3.00
(-33.19,
27.19)

0.0% 0.846

TG (mmol/l) All 3 1.77
(1.00,
3.15)

74.2% 3 1.38
(0.47,
4.04)

78.4% 3 -0.48
(-1.14,
0.18)

0.0% 0.088

TC (mmol/l) All 3 4.17
(3.29,
5.30)

50.7% 3 4.07
(2.71,
6.11)

93.3% 3 -0.10
(-0.93,
0.72)

0.0% 0.639

LDL (mmol/l) All 3 2.28
(1.61,
3.21)

70.9% 3 2.17
(1.28,
3.70)

90.2% 3 -0.13
(-0.58,
0.32)

0.0% 0.344

HDL (mmol/l) All 3 1.18
(0.98,
1.42)

68.4% 3 1.27
(1.00,
1.61)

45.7% 3 0.06
(-0.26,
0.38)

0.0% 0.489

AST (U/L) All 3 31.52
(17.28,
57.49)

71.0% 2 32.95
(0.21,
5081.61)

94.2% 3 -4.87
(-15.66,
5.93)

0.0% 0.517
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ALT (U/L) All 3 38.13
(29.37,
49.51)

11.2% 2 40.57
(0.17,
9463.31)

95.3% 3 -8.22
(-23.72,
7.28)

0.0% 0.444

FIB-4 All 3 1.39
(0.87,
2.22)

94.5% 2 1.29
(1.10,
1.51)

0.0% 2 ﻿-0.35
(-1.81,
1.11)

0.0% 0.179

Liver fat
fraction (%)

All 3 12.29
(2.92,
51.80)

90.5% 3 8.82
(0.79,
99.01)

95.6% 3 ﻿-2.75
(-10.24,
4.73)

0.0% 0.254

BMI, Body mass index; HbA1c, Hemoglobin A1c; FPG, Fasting plasma glucose; HOMA-IR, Homeostasis Model
Assessment of Insulin Resistance; TG, Triglyceride; TC, Total cholesterol; LDL, Low-density lipoprotein; HDL, High-
density lipoprotein; AST, Aspartate transaminase; ALT, Alanine transaminase; FIB-4, Fibrosis-4; CI, Confidence
interval

*Statistical significance

For subgroup analysis limited to T2DM patients only, DMR resulted in significant reduction in weight, HbA1c (MD: –
0.64%; 95% CI: –1.11 to –0.16), FPG, and HOMA-IR (MD: –3.93; 95% CI: –6.78 to –1.09). In non-alcoholic
steatohepatitis (NASH) patients, HbA1c increased by 0.1% (95% CI: –0.78 to 0.98) while HOMA-IR score increased
by 0.50 (95% CI: –6.41 to 7.41). In polycystic ovarian syndrome (PCOS) group, HOMA-IR score saw an insignificant
reduction (MD: –0.70; 95% CI: –6.53 to 5.13). 59% (95% CI: 12 to 94) of patients remained off insulin at the end of
the study (Supplementary Table S4). 

Adverse events (AEs) were grouped into procedural-related AEs presented in Table 2. For procedural-related AEs,
the total incidence reported were 39% across studies (95% CI: 7 to 84), most of which are mild. Serious adverse
events occurred in 5% (95% CI: 1 to 24) of patients, namely, high fever requiring hospitalization, jejunal perforation,
and hematochezia. Most common procedural-related AEs included hypoglycemia (15%), diarrhea (10%), nausea
(9%), abdominal pain (5%), and vomiting (3%). 

Table 2. Incidence Proportion of Adverse Events in Patients who Underwent Duodenal Mucosal Resurfacing.

Outcomes DMR

k Proportion (95% CI) I2

Procedural-related AEs      

-Total procedural-related AEs 5 0.39 (0.07, 0.84) 0.0%

-Serious AEs 4 0.05 (0.01, 0.24) 0.0%

-Abdominal pain 6 0.05 (0.00, 0.37) 0.0%

-Diarrhea 2 0.10 (0.00, 1.00) 86.0%

-Duodenal stenosis 2 0.06 (0.00, 0.93) 11.2%

-Hypoglycemic events 2 0.15 (0.00, 1.00) 83.7%

-Nausea 2 0.09 (0.00, 0.89) 42.7%

-Vomiting 2 0.03 (0.00, 0.98) 0.0%
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DMR, Duodenal mucosal resurfacing; AEs, Adverse events; CI, Confidence interval

Post-DMR patient-reported satisfaction were investigated in 2 studies using the Diabetes Treatment Satisfaction
Questionnaire, reporting as change and status scores. The mean status score was 33.15 (95% CI: 27.37 to 38.93),
and mean change score was 12.39 (95% CI: 11.22 to 13.56) as shown inSupplementary Table S5.

Discussion
We present the first meta-analysis that systematically evaluates long-term durability of DMR in weight management
and metabolic outcomes. This study demonstrates benefits in patients with diabetes, with an overall low serious
adverse event rate and high patient-reported satisfaction. These findings outline the metabolic impact and safety
profile of DMR.

Previous studies on DMR in T2DM patients found significant short-term improvement of glycemic parameters,31

this could be explained by post-DMR reduction of duodenal surface area, which is known to contain overexpressed
glucose transporter and resulting in increased glucose absorption.32 Reducing duodenal surface area may result in
less glucose absorption. The long-term beneficial effects of DMR on metabolic outcomes, on the other hand,
appear to be mediated primarily by modulation of the enteroendocrine signaling pathway. 

By reversing the hyperplastic duodenal mucosa in patients with T2DM, DMR restores the enteroendocrine cells that
line the duodenum and regulate glucose homeostasis through hormones such as GLP-1 and GIP.33,34  

GLP-1 and GIP reduce hepatic fat accumulation, stimulate pancreatic beta cell function, and stimulate the gut-brain
metabolic axis, all of which enhance peripheral insulin sensitivity.35,36 This allows for long-term improvement of
insulin resistance, the main underlying pathophysiology in T2DM patients. Our pooled HbA1c reductions up to 24
months in a subgroup of T2DM patients undergoing DMR, with a parallel decrease in FPG levels, indicate durable
improvement in glycemic control. While the absolute weight loss was modest (2.50 kg), the clinical significance of
these metabolic improvements should be interpreted in the context of established evidence. The UKPDS 35
landmark study demonstrated that each 1% reduction in HbA1c was associated with a 21% reduction in diabetes-
related endpoints and a 37% reduction in microvascular complications, with no lower threshold of benefit.41 The
observed 0.64% HbA1c reduction in T2DM patients, while moderate, may therefore translate to meaningful long-
term risk reduction. Our results also demonstrated improvement in insulin sensitization in T2DM patients through
improvement of HOMA-IR score. These findings suggest that post-DMR glycemic improvements are driven
primarily by direct modulation of metabolic signaling rather than weight loss alone, which may account for the
disproportionate metabolic benefit relative to the modest weight reduction.

However, in a subgroup analysis, changes in HOMA-IR score were insignificant in NASH and PCOS subgroup but
were significantly reduced in T2DM patients. This suggests that DMR efficacy might depend on pre-existing
mucosal abnormalities (e.g., hyperplasia, insulin-desensitized phenotype) caused by chronic glycemic
dysregulation].22,37 This highlights the need for future trials evaluating metabolic efficacy in different conditions, to
determine which subgroups of patients would most likely benefit from DMR.

Liver-related parameters, including liver enzymes (AST and ALT), FIB-4 index, and liver fat fraction, did not improve
in long-term follow-up. These findings contrast with a previous meta-analysis investigating short-term (3 to 6
months) effect of DMR on liver-related parameters, which found significant reduction in AST, ALT, and liver fat
fraction.38Our results suggest that hepatic steatosis and inflammation may temporarily improve by early inhibition
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of hepatic glucose production, but unlike glycemic profile, liver parameters require sustained and significant weight
loss and metabolic control to achieve long-term effects. Evidence from bariatric and pharmacological trials suggest
that weight loss of ≥ 10% of total body weight is required for a significant resolution of NASH.39,40In the absence of
notable caloric restriction, the liver remains exposed to the altered metabolic environment, causing liver enzymes to
revert to previous baseline, which likely explains why the overall result did not show significant improvement on
liver function and fibrosis.  

While most adverse events reported were mild, serious adverse events still occurred with a pooled rate of 5%.
Cases of duodenal stenosis were reported in early first-in-human studies. Overlapping ablation and ablation of the
non-lifted mucosa were mentioned as the culprit cause of duodenal stenosis.28As a result, refinement to the
endoscopy and ablation protocol were made in subsequent studies, along with the ongoing learning curves, leading
to fewer serious adverse events reported in more recent cohorts.25,30 Unlike conventional bariatric surgery, DMR
has not shown long-term consequences like malabsorption. Other documented adverse events of DMR are mostly
self-limited and short-lived, nevertheless, more studies with extended follow-up period post-DMR are still required
to establish the long-term safety of the procedure.

Given these findings, the role of DMR within the broader landscape of metabolic interventions remains to be
defined. While the modest weight loss observed with DMR is unlikely to match the magnitude achieved by gastric-
restrictive EBMTs or conventional bariatric surgery, the metabolic improvements in T2DM patients, particularly in
glycemic control and insulin resistance, suggest a potential niche for DMR as an adjunctive therapy in patients with
insulin resistance who may not be candidates for, or who decline, more invasive procedures. Larger randomized
trials with active comparators, cost-effectiveness analyses, and long-term real-world data are needed to optimally
integrate DMR into clinical practice.

Our study has several important limitations. First, the included studies were predominantly single-arm
observational studies, with only 2 randomized controlled trials. Without control groups in most studies, observed
changes in outcomes cannot be definitively attributed to the DMR intervention itself, as concurrent medications,
lifestyle modifications, and natural disease course may have contributed to the effects observed. Confounding
factors should also be considered, as most included trials allowed for co-intervention with oral antidiabetic drugs
and lifestyle counseling during the study period. Additionally, there was heterogeneity in the duration of follow-up
across studies (ranging from 6 to 24 months) and in study population baseline characteristics. Despite these
limitations, our meta-analysis integrates newer randomized trials and real-world data across various metabolic
outcomes and different DMR techniques. Future randomized head-to-head comparisons to current standard of care
with extended follow-up periods are warranted. Investigations should also aim to optimize DMR protocols including
ablation length and process. 

Over 24 months, modest but durable improvements in weight and glycemic outcomes were observed among
patients who underwent DMR, with a favorable safety profile. However, the clinical significance of these
improvements remains to be established through larger, randomized controlled trials. These findings suggest DMR
warrants further investigation as a potential adjunctive option for metabolic disease management, particularly in
patients with T2DM and insulin resistance.

Conclusion

Page 9/17



Modest but durable improvements in weight loss and glycemic outcomes were observed among patients who
underwent DMR across diverse settings, with a favorable safety profile. These findings suggest DMR warrants
further investigation as an adjunctive option for metabolic disease management.

Abbreviations
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AEs Adverse events

ALT Alanine aminotransferase

AST Aspartate aminotransferase

BMI Body mass index

CI Confidence interval

DMR Duodenal mucosal resurfacing

EBMT Endoscopic bariatric and metabolic therapies

FIB-4 Fibrosis-4

FPG Fasting plasma glucose

GIP Glucose-dependent insulinotropic polypeptide

GLP-1 Glucose-like peptide 1

HbA1c Hemoglobin A1c

HDL High-density lipoprotein

HOMA-IR Homeostasis Model Assessment of Insulin Resistance

HR Hazard ratio

IQR Interquartile range

KG Kilogram

L Liter

LDL Low-density lipoprotein

M Meter

MG Milligram

MMOL Millimole

NASH Non-alcoholic steatohepatitis

NMOL Nanomole

OR Odd ratio

PCOS Polycystic ovarian syndrome

PMOL Picomole

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses

PROSPERO International Prospective Register of Systematic Reviews

RR Relative risk

RYGB Roux-en-Y gastric bypass

SD Standard deviation
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T2DM Type 2 Diabetes Mellitus

U Unit

Declarations

Ethics approval:
Not applicable

Disclosures
Drs. Suangburanakul, Siranart, and Pajareya have no conflicts of interest or financial ties to disclose. Dr. Steinway is
a consultant for Boston Scientific and Olympus and is a Scientific Advisor for Microvitality, Inc

Funding:
None

Author Contribution
N.S., P.P, and S.S. came up with the project idea. N.S., P.P, and S.S. Wrote the manuscript. N.S. and P.P. prepared the
figures. All authors reviewed the manuscript.

Acknowledgement:
None

References
1. Alberti, K. G., Eckel, R. H., Grundy, S. M., Zimmet, P. Z., Cleeman, J. I., Donato, K. A., Fruchart, J. C., James, W. P.,

Loria, C. M., Smith, S. C., Jr., International Diabetes Federation Task Force on, E., Prevention, Hational Heart, L.,
Blood, I., American Heart, A., World Heart, F., International Atherosclerosis, S., & International Association for
the Study of, O. (2009). Harmonizing the metabolic syndrome: a joint interim statement of the International
Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute;
American Heart Association; World Heart Federation; International Atherosclerosis Society; and International
Association for the Study of Obesity. Circulation, 120(16), 1640–1645.
https://doi.org/10.1161/CIRCULATIONAHA.109.192644

2. Zila-Velasque, J. P., Grados-Espinoza, P., Challapa-Mamani, M. R., Sánchez-Alcántara, F., Cedillo-Balcázar, J., Cs,
A.-D., Hernandez-Bustamante, E. A., Tejada-Flores, J., Piano Suárez, A., Pacheco-Mendoza, J., & Benites-Zapata,
V. A. (2024). Prevalence of metabolic syndrome and its components according to altitude levels: a systematic
review and meta-analysis. Scientific Reports, 14(1). https://doi.org/10.1038/s41598-024-77928-z

Page 12/17



3. Lim, S., & Eckel, R. H. (2014). Pharmacological treatment and therapeutic perspectives of metabolic syndrome.
Reviews in Endocrine and Metabolic Disorders, 15(4), 329–341. https://doi.org/10.1007/s11154-014-9298-4

4. De Luca, M., Shikora, S., Eisenberg, D., Angrisani, L., Parmar, C., Alqahtani, A.,Aminian, A., Aarts, E., Brown, W. A.,
Cohen, R. V., Di Lorenzo, N., Faria, S. L.,Goodpaster, K. P. S., Haddad, A., Herrera, M. F., Rosenthal, R., Himpens,
J., Iossa,A., Kermansaravi, M.,… Kothari, S. N. (2024). Scientific evidence for the updated guidelines on
indications for metabolic and bariatric surgery (IFSO/ASMBS). Surgery for Obesity and Related Diseases,20(11),
991–1025. https://doi.org/10.1016/j.soard.2024.05.009

5. Sanford, J. A., Kadry, B., Brodsky, J. B., & Macario, A. (2015). Bariatric Surgery Operating Room Time—Size
Matters. Obesity Surgery, 25(6), 1078–1085. https://doi.org/10.1007/s11695-015-1651-5

6. Mohan, B. P., Asokkumar, R., Khan, S. R., Kotagiri, R., Sridharan, G. K., Chandan, S., Ravikumar, N. P. G., Ponnada,
S., Jayaraj, M., & Adler, D. G. (2020). Outcomes of endoscopic sleeve gastroplasty; how does it compare to
laparoscopic sleeve gastrectomy? A systematic review and meta-analysis. Endoscopy International Open,
08(04), E558–E565. https://doi.org/10.1055/a-1120-8350

7. Abu Dayyeh, B. K., Edmundowicz, S., & Thompson, C. C. (2017). Clinical Practice Update: Expert Review on
Endoscopic Bariatric Therapies. Gastroenterology, 152(4), 716–729.
https://doi.org/10.1053/j.gastro.2017.01.035

8. Sullivan, S., Edmundowicz, S. A., & Thompson, C. C. (2017). Endoscopic Bariatric and Metabolic Therapies: New
and Emerging Technologies. Gastroenterology, 152(7), 1791–1801.
https://doi.org/10.1053/j.gastro.2017.01.044

9. Ghusn, W., Divakar, A., Salameh, Y., Abi Mosleh, K., & Storm, A. C. (2025). Emerging Trends in Endoscopic
Bariatric Therapies: Personalization Through Genomics and Synergistic Pharmacotherapy. J Clin Med, 14(13).
https://doi.org/10.3390/jcm14134681

10. Pelizzo, G., Destro, F., Perretta, S., Paraboschi, I., Zappa, M. A., & Pierucci, U. M. (2025). Endoscopic Sleeve
Gastroplasty: a Proposal for a Minimal Invasive Endoscopic Approach to Adolescent Obesity. Obesity Surgery,
35(9), 3926–3938. https://doi.org/10.1007/s11695-025-08139-2

11. Kirwan, J. P., Axelrod, C. L., Kullman, E. L., Malin, S. K., Dantas, W. S., Pergola, K., del Rincon, J. P., Brethauer, S.
A., Kashyap, S. R., & Schauer, P. R. (2021). Foregut Exclusion Enhances Incretin and Insulin Secretion After
Roux-en-Y Gastric Bypass in Adults With Type 2 Diabetes. The Journal of Clinical Endocrinology & Metabolism,
106(10), e4192–e4201. https://doi.org/10.1210/clinem/dgab255

12. de Moura, E. G. H., Ponte-Neto, A. M., Tsakmaki, A., Aiello, V. D., Bewick, G. A., & Brunaldi, V. O. (2019).
Histologic assessment of the intestinal wall following duodenal mucosal resurfacing (DMR): a new procedure
for the treatment of insulin-resistant metabolic disease. Endosc Int Open, 7(5), E685–e690.
https://doi.org/10.1055/a-0862-0263

13. Ghusn, W., Calderon, G., Abu Dayyeh, B. K., & Acosta, A. (2024). Mechanism of action and selection of
endoscopic bariatric therapies for treatment of obesity. Clin Endosc, 57(6), 701–710.
https://doi.org/10.5946/ce.2024.005

14. Grams, J., & Garvey, W. T. (2015). Weight Loss and the Prevention and Treatment of Type 2 Diabetes Using
Lifestyle Therapy, Pharmacotherapy, and Bariatric Surgery: Mechanisms of Action. Current Obesity Reports,
4(2), 287–302. https://doi.org/10.1007/s13679-015-0155-x

15. Busch, C. B. E., Meiring, S., van Baar, A. C. G., Holleman, F., Nieuwdorp, M., & Bergman, J. (2024).
Recellularization via electroporation therapy of the duodenum combined with glucagon-like peptide-1 receptor

Page 13/17



agonist to replace insulin therapy in patients with type 2 diabetes: 12-month results of a first-in-human study.
Gastrointest Endosc, 100(5), 896–904. https://doi.org/10.1016/j.gie.2024.04.2904

16. Rajagopalan, H., Cherrington, A. D., Thompson, C. C., Kaplan, L. M., Rubino, F., Mingrone, G., Becerra, P.,
Rodriguez, P., Vignolo, P., Caplan, J., Rodriguez, L., & Galvao Neto, M. P. (2016). Endoscopic Duodenal Mucosal
Resurfacing for the Treatment of Type 2 Diabetes: 6-Month Interim Analysis From the First-in-Human Proof-of-
Concept Study. Diabetes Care, 39(12), 2254–2261. https://doi.org/10.2337/dc16-0383

17. van Baar, A. C. G., Beuers, U., Wong, K., Haidry, R., Costamagna, G., Hafedi, A., Deviere, J., Ghosh, S. S., Lopez-
Talavera, J. C., Rodriguez, L., Galvao Neto, M. P., Sanyal, A., & Bergman, J. (2019). Endoscopic duodenal
mucosal resurfacing improves glycaemic and hepatic indices in type 2 diabetes: 6-month multicentre results.
JHEP Rep, 1(6), 429–437. https://doi.org/10.1016/j.jhepr.2019.10.006

18. Busch, C. B. E., Meiring, S., van Baar, A. C. G., Gastaldelli, A., DeFronzo, R., Mingrone, G., Hagen, M., White, K.,
Rajagopalan, H., Nieuwdorp, M., & Bergman, J. (2024). Insulin sensitivity and beta cell function after duodenal
mucosal resurfacing: an open-label, mechanistic, pilot study. Gastrointest Endosc, 100(3), 473–480.e471.
https://doi.org/10.1016/j.gie.2024.01.031

19. Busch, C. B. E., Rubingh, J., van Baar, A. C. G., Nieuwdorp, M., & Bergman, J. (2025). Long-term effects of
duodenal mucosal resurfacing and liraglutide on glycaemic control in patients with type 2 diabetes. BMJ Nutr
Prev Health, 8(1), e001006. https://doi.org/10.1136/bmjnph-2024-001006

20. Hadefi, A., Verset, L., Pezzullo, M., Rosewick, N., Degré, D., Gustot, T., Moreno, C., Devière, J., & Trépo, E. (2021).
Endoscopic duodenal mucosal resurfacing for nonalcoholic steatohepatitis (NASH): a pilot study. Endosc Int
Open, 9(11), E1792–e1800. https://doi.org/10.1055/a-1550-7668

21. Haidry, R. J., van Baar, A. C., Galvao Neto, M. P., Rajagopalan, H., Caplan, J., Levin, P. S., Bergman, J. J.,
Rodriguez, L., Deviere, J., & Thompson, C. C. (2019). Duodenal mucosal resurfacing: proof-of-concept,
procedural development, and initial implementation in the clinical setting. Gastrointest Endosc, 90(4), 673–
681.e672.

22. Kaur, V., Dimitriadis, G. K., Pérez-Pevida, B., Bansi, D. S., Jayasena, C., Bate, D., Houghton, R., Fielding, B. A.,
Balfoussia, D., Webber, L., Miao, Y., Mears, F., Jackson, N., Coppin, L., Perez, J., Williams, M., Johnson, B.,
Umpleby, A. M., Randeva, H. S., & Miras, A. D. (2021). Mechanisms of action of duodenal mucosal resurfacing
in insulin resistant women with polycystic ovary syndrome. Metabolism, 125, 154908.
https://doi.org/10.1016/j.metabol.2021.154908

23. Kovarova, V., Lankova, I., Machytka, E., Knotkova, K., Kratochvílová, H., Beneš, M., Spicak, J., Vasura, A., Goldin,
E., Munter, G., Zima, T., Mraz, M., Dagan, H., Levy, B., Haluzik, M., & Kral, J. (2025). Duodenal Laser Ablation for
Treatment of Type 2 Diabetes: Results of First in Human Study. United European Gastroenterol J, 13(5), 750–
758. https://doi.org/10.1002/ueg2.12762

24. Meiring, S., Busch, C. B. E., van Baar, A. C. G., Hemke, R., Holleman, F., Nieuwdorp, M., & Bergman, J. (2022).
Eliminating exogenous insulin therapy in patients with type 2 diabetes by duodenal ablation and GLP-1RA
decreases risk scores for cardiovascular events. Cardiovasc Diabetol, 21(1), 191.
https://doi.org/10.1186/s12933-022-01628-z

25. Mingrone, G., van Baar, A. C., Devière, J., Hopkins, D., Moura, E., Cercato, C., Rajagopalan,H., Lopez-Talavera, J.
C., White, K., Bhambhani, V., Costamagna, G., Haidry, R., Grecco,E., Galvao Neto, M., Aithal, G., Repici, A., Hayee,
B., Haji, A., Morris, A. J.,…Bergman, J. (2022). Safety and efficacy of hydrothermal duodenal mucosal
resurfacing in patients with type 2 diabetes: the randomised, double-blind, sham-controlled, multicentre
REVITA-2 feasibility trial. Gut,71(2), 254–264. https://doi.org/10.1136/gutjnl-2020-323608

Page 14/17



26. Norton, B. C., Papaefthymiou, A., Telese, A., Neiponice, A., Hoebel, P. B., Vignolo, P., Rodriguez Grunert, L. A., &
Haidry, R. (2025). Radiofrequency vapor ablation for duodenal mucosal ablation in the treatment of type 2
diabetes: results from the first-in-human pilot study. iGIE, 4(2), 110–119.
https://doi.org/10.1016/j.igie.2025.03.008

27. van Baar, A. C. G., Devière, J., Hopkins, D., Crenier, L., Holleman, F., Galvão Neto,M. P., Becerra, P., Vignolo, P.,
Rodriguez Grunert, L., Mingrone, G., Costamagna,G., Nieuwdorp, M., Guidone, C., Haidry, R. J., Hayee, B., Magee,
C., Carlos Lopez-Talavera,J., White, K., Bhambhani, V.,… J, J. G. H. M. B. (2022). Durable metabolic
improvements 2 years after duodenal mucosal resurfacing (DMR) in patients with type 2 diabetes(REVITA-1
Study). Diabetes Res Clin Pract,184, 109194. https://doi.org/10.1016/j.diabres.2022.109194

28. van Baar, A. C. G., Haidry, R., Rodriguez Grunert, L., Galvao, M. P. N., Bisschops, R., Hayee, B. H., Costamagna, G.,
Deviere, J., & Bergman, J. (2020). Duodenal mucosal resurfacing: Multicenter experience implementing a
minimally invasive endoscopic procedure for treatment of type 2 diabetes mellitus. Endosc Int Open, 8(11),
E1683–e1689. https://doi.org/10.1055/a-1244-2283

29. van Baar, A. C. G., Holleman, F., Crenier, L., Haidry, R., Magee, C., Hopkins, D., Rodriguez Grunert, L., Galvao Neto,
M., Vignolo, P., Hayee, B., Mertens, A., Bisschops, R., Tijssen, J., Nieuwdorp, M., Guidone, C., Costamagna, G.,
Devière, J., & Bergman, J. (2020). Endoscopic duodenal mucosal resurfacing for the treatment of type 2
diabetes mellitus: one year results from the first international, open-label, prospective, multicentre study. Gut,
69(2), 295–303. https://doi.org/10.1136/gutjnl-2019-318349

30. van Baar, A. C. G., Meiring, S., Smeele, P., Vriend, T., Holleman, F., Barlag, M., Mostafavi, N., Tijssen, J. G. P.,
Soeters, M. R., Nieuwdorp, M., & Bergman, J. (2021). Duodenal mucosal resurfacing combined with glucagon-
like peptide-1 receptor agonism to discontinue insulin in type 2 diabetes: a feasibility study. Gastrointest
Endosc, 94(1), 111–120.e113. https://doi.org/10.1016/j.gie.2020.12.021

31. Norton, B. C., Papaefthymiou, A., Telese, A., Simons-Linares, R., Vargo, J., Sharma, V. K., & Haidry, R. (2025).
Performance and safety of duodenal mucosal ablation in the management of type 2 diabetes: a systematic
review and meta-analysis. Frontline Gastroenterology. https://doi.org/10.1136/flgastro-2025-103211

32. Fiorentino, T. V., De Vito, F., Suraci, E., Marasco, R., Hribal, M. L., Luzza, F., & Sesti, G. (2023). Obesity and
overweight are linked to increased sodium-glucose cotransporter 1 and glucose transporter 5 levels in
duodenum. Obesity, 31(3), 724–731. https://doi.org/10.1002/oby.23653

33. Musso, G., Pinach, S., Saba, F., De Michieli, F., Cassader, M., & Gambino, R. (2024). Endoscopic duodenal
mucosa ablation techniques for diabetes and nonalcoholic fatty liver disease: A systematic review. Med, 5(7),
735–758.e732. https://doi.org/10.1016/j.medj.2024.03.014

34. Nie, L. J., Cheng, Z., He, Y. X., Yan, Q. H., Sun, Y. H., Yang, X. Y., Tian, J., Zhu, P. F., Yu, J. Y., Zhou, H. P., & Zhou, X.
Q. (2025). Role of duodenal mucosal resurfacing in controlling diabetes in rats. World J Diabetes, 16(3),
102277. https://doi.org/10.4239/wjd.v16.i3.102277

35. Hoyt, J. A., Cozzi, E., D'Alessio, D. A., Thompson, C. C., & Aroda, V. R. (2024). A look at duodenal mucosal
resurfacing: Rationale for targeting the duodenum in type 2 diabetes. Diabetes Obes Metab, 26(6), 2017–2028.
https://doi.org/10.1111/dom.15533

36. Mashayekhi, M., Nian, H., Mayfield, D., Devin, J. K., Gamboa, J. L., Yu, C., Silver, H. J., Niswender, K., Luther, J. M.,
& Brown, N. J. (2024). Weight Loss–Independent Effect of Liraglutide on Insulin Sensitivity in Individuals With
Obesity and Prediabetes. Diabetes, 73(1), 38–50. https://doi.org/10.2337/db23-0356

37. Verdam, F. J., Greve, J. W. M., Roosta, S., van Eijk, H., Bouvy, N., Buurman, W. A., & Rensen, S. S. (2011). Small
Intestinal Alterations in Severely Obese Hyperglycemic Subjects. The Journal of Clinical Endocrinology &

Page 15/17



Metabolism, 96(2), E379–E383. https://doi.org/10.1210/jc.2010-1333

38. de Oliveira, G. H. P., de Moura, D. T. H., Funari, M. P., McCarty, T. R., Ribeiro, I. B., Bernardo, W. M., Sagae, V. M. T.,
Freitas, J. R., Jr., Souza, G. M. V., & de Moura, E. G. H. (2021). Metabolic Effects of Endoscopic Duodenal
Mucosal Resurfacing: a Systematic Review and Meta-analysis. Obes Surg, 31(3), 1304–1312.
https://doi.org/10.1007/s11695-020-05170-3

39. Glass, L. M., Dickson, R. C., Anderson, J. C., Suriawinata, A. A., Putra, J., Berk, B. S., & Toor, A. (2014). Total Body
Weight Loss of ≥ 10% Is Associated with Improved Hepatic Fibrosis in Patients with Nonalcoholic
Steatohepatitis. Digestive Diseases and Sciences, 60(4), 1024–1030. https://doi.org/10.1007/s10620-014-
3380-3

40. Johari, M. I., Yusoff, K., Haron, J., Nadarajan, C., Ibrahim, K. N., Wong, M. S., Hafidz, M. I. A., Chua, B. E., Hamid,
N., Arifin, W. N., Ma, Z. F., & Lee, Y. Y. (2019). A Randomised Controlled Trial on the Effectiveness and Adherence
of Modified Alternate-day Calorie Restriction in Improving Activity of Non-Alcoholic Fatty Liver Disease.
Scientific Reports, 9(1). https://doi.org/10.1038/s41598-019-47763-8

41. Stratton, I. M., Adler, A. I., Neil, H. A., Matthews, D. R., Manley, S. E., Cull, C. A., Hadden, D., Turner, R. C., &
Holman, R. R. (2000). Association of glycaemia with macrovascular and microvascular complications of type 2
diabetes (UKPDS 35): prospective observational study. BMJ, 321(7258), 405–412.
https://doi.org/10.1136/bmj.321.7258.405

Figures

Figure 1

PRISMA Flow Diagram

Page 16/17



PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analysis; CENTRAL, Cochrane Central
Register of Controlled Trials

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

SupplementaryMaterial.docx

Page 17/17

https://assets-eu.researchsquare.com/files/rs-10491029/v1/e1801468ac64f1d4374fb87f.docx

