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Introduction
Nonalcoholic fatty liver disease (NAFLD) continues to rise as a
common cause of chronic liver disease globally [1]. The inflam-
matory subtype of NAFLD, nonalcoholic steatohepatitis
(NASH), accelerates the development of end-stage liver disease
and hepatocellular carcinoma, and is considered a harbinger of
metabolic syndrome [2]. Weight loss is the only reliable treat-
ment for NASH and histologic resolution of steatohepatitis,
which usually happens when total body weight loss (TBWL)
exceeds 10% [3].

Endoscopic bariatric and metabolic therapies address man-
agement gaps in patients with obesity who have not responded
to conservative medical interventions but are unfit for or de-
cline surgical intervention. This presents a complementary
therapeutic opportunity in NAFLD [4]. Endoscopic sleeve gas-
troplasty was shown to reduce insulin resistance and biochem-
ical measures of steatosis in patients with NAFLD, providing ra-
tionale for further study of endoscopic bariatric and metabolic
therapies in NAFLD [5, 6]. Primary obesity surgery endoluminal
2.0 (POSE 2.0) creates full-thickness plications of gastric tissue
endoscopically to shorten the stomach and narrow its aperture,
promoting significant weight loss [7].

Currently, there are no prospective published data on the
efficacy and safety of POSE 2.0 in patients with NAFLD. There-
fore, we conducted a pragmatic study of adults with obesity
and NAFLD who elected to undergo POSE 2.0 with concomitant
high-intensity lifestyle modification or lifestyle modification
alone.

Methods
This prospective, open-label, clinical trial was approved by the
United Arab Emirates (UAE), Ministry of Health and Prevention
on January 16, 2020. The POSE 2.0 investigational arm was
done under an investigational protocol approved by the local
institutional review board and the Ministry of Health (#DD/
CTMD2/019/2019). A licensed Contract Research Organization
independently supervised and audited the study.

Patients were recruited from Obaidulla Hospital, Ras Al Khai-
mah, Emirates Health Services, Ministry of Health, UAE, from

January 2020 to March 2021. Patients recruited into the study
self-allocated to undergo the POSE 2.0 procedure with high-in-
tensity lifestyle modification or lifestyle modification alone
(control). This pragmatic design was adopted to reflect real-
world clinical settings, enhance compliance and engagement,
and reduce dropout rates that may arise from forced random
allocation [8].

The POSE 2.0 procedure involves full-thickness plications by
suture anchor pairs that shorten and tubularize the stomach
along its greater curvature (▶Video 1). The operator uses the
Incisionless Operating Platform (USGI Medical, San Clemente,
California, USA) [7, 9]. Both study arms underwent high-intensi-
ty lifestyle modification including caloric restriction and physi-
cal activity. Healthy living behavioral counseling and coaching
was administered through weekly clinical visits in the first
month followed by monthly visits for the remaining period of
the study.

At baseline, and at 6 and 12 months, patients underwent
evaluation for hepatic steatosis by FibroScan XL Probe (Echo-

for nonalcoholic fatty liver disease (NAFLD) in patients with

obesity.

Methods Adults with obesity and NAFLD were prospec-

tively allocated based on their preference to undergo POSE

2.0 with lifestyle modification or lifestyle modification

alone (control). Primary end points were improvement in

controlled attenuation parameter (CAP) and resolution of

hepatic steatosis at 12 months. Secondary end points

included %total body weight loss (%TBWL), change in serum

measures of hepatic steatosis and insulin resistance, and

procedure safety.

Results 42 adult patients were included (20 in the POSE

2.0 arm and 22 in the control arm). At 12 months, POSE

2.0 significantly improved CAP, whereas lifestyle modifica-

tion alone did not (P <0.001 for POSE 2.0; P=0.24 for con-

trol). Similarly, both resolution of steatosis and %TBWL

were significantly higher with POSE 2.0 than with control

at 12 months. Compared with controls, POSE 2.0 signifi-

cantly improved liver enzymes, hepatic steatosis index,

and aspartate aminotransferase to platelet ratio at 12

months. There were no serious adverse events.

Conclusion POSE 2.0 was effective for NAFLD in patients

with obesity, with good durability and safety profile.

Video 1 Animation of the primary obesity surgery endolum-
inal 2.0 (POSE 2.0) procedure.
Online content viewable at:
https://doi.org/10.1055/a-2117-6274

AlKhatry Maryam et al. Improvements in hepatic… Endoscopy 2023; 55: 1028–1034 | © 2023. Thieme. All rights reserved. 1029

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



sens, Paris, France) measuring controlled attenuation param-
eter (CAP) and liver stiffness by transient elastography. CAP is
a noninvasive validated quantitative assessment of liver steato-
sis measured by the attenuation of ultrasonic waves introduced
at a frequency of 3.5MHz as they travel through the liver [10].
Patients also underwent complete hepatic biochemical testing
and calculation of hepatic steatosis index (HSI), aspartate ami-
notransferase to platelet ratio (APRI), and fibrosis-4 scores.

Obesity-related measurements included body mass index
(BMI) and %TBWL. Measures of insulin resistance and metabolic
disease included glycated hemoglobin, fasting glucose, 2-hour
postprandial glucose, serum insulin, homeostatic model assess-
ment for insulin resistance, total cholesterol, low-density lipo-
protein, triglycerides, and thyroid stimulating hormone.
Patient-reported outcomes included the Three-Factor Eating
Questionnaire 18 to evaluate change in eating habits and the
Gastroparesis Cardinal Symptom Index questionnaire.

Primary outcomes were change in CAP and resolution of he-
patic steatosis to S0 steatosis, without progression of fibrosis
by ≥1 stage at 12 months. Secondary outcomes included im-
provements in biochemical measures of hepatic steatosis, obe-
sity, insulin resistance, %TBWL, clinical response rates based on
TBWL ≥5%, ≥10%, and ≥15%, and changes in Three-Factor Eat-
ing Questionnaire 18 and Gastroparesis Cardinal Symptom In-
dex scores, and device and procedure safety.

Continuous variables were presented as medians with inter-
quartile ranges (IQRs) or means with 95%CIs or SD, and catego-
rical variables were presented as frequencies or percentages.
All variables were tested for normality, and statistical tests
were applied accordingly. Continuous variables were compared
using Student’s t test or the Wilcoxon signed-rank test, either
for dependent or independent samples, as appropriate. Cate-
gorical variables were compared using Fisher’s exact test. We
employed the repeated-measures analysis of variance or the
Kruskal–Wallis test for within-group comparisons of more than
two means. If we found statistically significant differences, we
ran post hoc analyses using the general linear model for adjus-
ted pairwise comparisons. We employed IBM SPSS Statistics for

Windows (IBM Corp., Armonk, New York, USA) and considered
P <0.05 as statistically significant.

Results
A total of 20 adults with median age of 30.5 years (IQR 26.5–
38.2) and median BMI of 38.0 kg/m2 (IQR 36.8–39.0) elected
to undergo POSE 2.0, and 22 adults were included in the con-
trol arm and followed lifestyle modification alone (median age
41.0 years [IQR 30.0–49.0]; BMI 38.0 kg/m2 [IQR 36.2–40.0])
(▶Fig. 1). There were no significant demographic differences
between groups (see Table 1 s in the online-only Supplemen-
tary material). The mean procedure duration was 38.9 minutes
(SD 4.9), and there were no serious adverse events.

Measures of hepatic steatosis

In the POSE 2.0 arm, mean CAP improved from 322.7dB/m
(95%CI 302.4 to 342.9) at baseline to 259.5dB/m (95%CI
233.8 to 285.2) and 235.5dB/m (95%CI 209.3 to 261.7) at 6
and 12 months, respectively (P <0.001). In contrast, the con-
trol arm presented CAP of 338.6dB/m (95%CI 322.3 to 354.9),
326.8dB/m (95%CI 312.4 to 341.3), and 320.9dB/m (95%CI
304.9 to 336.8) at baseline, 6, and 12 months, respectively (P=
0.24). The mean change in CAP was –88.8dB/m (95%CI –110.2
to –67.3) in the POSE 2.0 arm vs. –17.6dB/m (95%CI –35.7 to
0.5) in the control arm (P<0.001). There were no significant
changes in liver stiffness (▶Table1).

Among patients undergoing POSE 2.0, 6/19 (31.6%)
achieved S0 steatosis at 6 months, and 10 /19 (52.6%) achieved
S0 steatosis at 12 months. None of the patients undergoing
POSE 2.0 experienced progression in steatosis during the study
period. In contrast, none of the control patients achieved S0
steatosis at 6 or 12 months. Resolution of steatosis occurred
more frequently with POSE 2.0 than with lifestyle modification
alone at both 6 (P=0.02) and 12months (P<0.001) (▶Fig. 2). All
patients experienced stable or improved fibrosis stages in both
arms at 6 and 12 months, except for one patient in the POSE 2.0

1 loss to 
follow-up

1 loss to 
follow-up

Recruitment of 
adults with NAFLD 
and obesity

POSE 2.0 + Lifestyle
n = 20

POSE 2.0 + Lifestyle
n = 19

POSE 2.0 + Lifestyle
n = 19

Lifestyle
n = 22

 Lifestyle
n = 22

Lifestyle
n = 21

CAP, liver
elastography, labs,
weight, and
questionnaires 

Baseline 6 months 12 months

CAP, liver
elastography, labs,
weight, and
questionnaires 

CAP, liver
elastography, labs,
weight, and
questionnaires 

▶ Fig. 1 Study schematic and flow chart. NAFLD, nonalcoholic fatty liver disease; CAP, controlled attenuation parameter.
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arm who experienced worsening of fibrosis from 4.8 kPa (F0–
F1) to 8.3 kPa (F3) at 12 months (▶Table 1).

Throughout follow-up, POSE 2.0 patients presented signifi-
cant improvements in liver biochemical parameters of NAFLD,
including aspartate aminotransferase, alanine aminotransfer-
ase, and HSI and APRI scores (▶Table2). In contrast, only the
HSI score improved in the control arm. Nevertheless, this
change was more significant in the POSE 2.0 arm than in the
control arm (P=0.002) (▶Table2). Neither group had any sig-
nificant changes in lipid profile or thyroid function (Table2 s).

Measures of obesity, insulin resistance,
and patient-reported outcomes

In the POSE 2.0 arm, mean BMI improved from 37.9 kg/m2

(95%CI 36.7 to 39.1) at baseline to 31.6 kg/m2 (95%CI 29.1 to
33.5) at 12 months (P<0.001) (Table3 s). Mean BMI also im-
proved in the control arm, from 38.4 kg/m2 (95%CI 37.1 to
39.7) at baseline to 36.8 kg/m2 (95%CI 35.1 to 38.3) at 12
months (P=0.01). At 12 months, the mean BMI was statistically
lower in the POSE group (P <0.001). The mean %TBWL was 18.0
(95%CI 15.1 to 20.9) at 6 months and 17.5 (95%CI 12.2 to 23.0)
at 12 months in the POSE 2.0 arm compared with 4.5 (95%CI

▶ Table 1 Imaging outcomes of the primary obesity surgery endoluminal 2.0 (POSE 2.0) procedure versus control.

Baseline 6 months 12 months Within-group

P value

Change at 12

months

a) Liver stiffness by transient elastography, mean (95%CI), kPa

POSE 2.0 5.55 (4.22 to 6.89) 5.53 (4.57 to 6.49) 5.51 (4.85 to 6.16) 0.981 –0.08 (–1.24 to
1.08)

Control 5.19 (4.25 to 6.12) 5.14 (4.43 to 5.85) 4.87 (4.35 to 5.40) 0.461 –0.37 (–1.30 to
0.56)

Between-group
P value

1.02 0.812 0.262 0.622

b) CAP, mean (95%CI), dB/m

POSE 2.0 322.65 (302.38 to
342.92)

259.53 (233.84 to 285.22) 235.47 (209.30 to
261.65)

< 0.0011,3 –88.79 (–110.23 to
–67.34)

Control 338.59 (322.33 to
354.85)

326.82 (312.38 to 341.25) 320.86 (304.87 to
336.84)

0.241 –17.62 (–35.71 to
0.47)

Between-group
P value

0.192 < 0.012 < 0.012 < 0.0012

c) Distribution of hepatic fibrosis stages for POSE 2.0 and controls at baseline, 6 months, and 12 months, n (%)

POSE 2.0 Controls

Baseline (n =20) 6 months
(n =19)

12 months
(n =19)

Baseline (n =22) 6 months (n =22) 12 months (n =21)

F0–F1 fibrosis 17 (85.0) 16 (84.2) 16 (84.2) 20 (91.0) 20 (91.0) 21 (100)

F2 fibrosis 0 (0.0) 1 (5.3) 3 (15.8) 0 (0.0) 1 (4.5) 0 (0.0)

F3 fibrosis 3 (15.0) 2 (10.5) 0 (0.0) 2 (9.0) 1 (4.5) 0 (0.0)

POSE 2.0, primary obesity surgery endoluminal 2.0; CAP, controlled attenuation parameter.
1 Repeated-measures analysis of variance.
2 Mann-Whitney U test for independent samples.
3 General linear model: P <0.001 for baseline vs. 6 months and baseline vs. 12 month.

100
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Baseline 6 

months
12 
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▶ Fig. 2 Distribution of stages of hepatic steatosis between pri-
mary obesity surgery endoluminal 2.0 (POSE 2.0) and controls at
baseline, 6 months, and 12 months.
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2.0 to 7.0) and 4.0 (95%CI 2.0 to 7.0) at 6 and 12 months,
respectively, in the control arm. At 6 and 12 months, the
%TBWL was significantly higher in the intervention group than
in the control group (P<0.001). In the POSE 2.0 arm, 100%
and 73.7% achieved ≥10%TBWL at 6 and 12 months, respec-
tively, compared with 18.2% and 23.8% in the control arm. In
the POSE 2.0 arm, 68.4% and 57.9% achieved ≥15%TBWL at 6
and 12 months, respectively, compared with 0% and 4.8% in
the control arm.

POSE 2.0 patients experienced improvements in glycated
hemoglobin, insulin, and 2-hour postprandial glucose level,
and a trend toward improvement in the homeostatic model as-
sessment for insulin resistance score (P=0.07). No changes in
insulin resistance and glucose homeostasis were observed in
the control arm (Table4 s).

Patients in the POSE 2.0 arm presented an overall improve-
ment in their Three-Factor Eating Questionnaire 18 scores,
driven by an improvement in the uncontrolled eating subscore
(Table 5 s); we observed no improvements in the questionnaire
scores of patients following lifestyle modification alone.
Patients in the POSE 2.0 arm showed improvement in the bloat-
ing subscores of the Gastroparesis Cardinal Symptom Index
questionnaire, but no other significant changes were documen-
ted (Table6 s).

Discussion
This prospective, single-center, pragmatic study represents the
first prospective assessment of the POSE 2.0 procedure in the
management of NAFLD and obesity. Patients undergoing POSE
2.0 achieved notable and superior improvements in sonograph-
ic and biochemical measures of hepatic steatosis, obesity, and
insulin resistance compared with a similar cohort of adults mo-
tivated to lose weight through high-intensity lifestyle modifica-
tion alone.

Endoscopic sleeve gastroplasty, a similar gastric remodeling
procedure, has shown promising results in NAFLD management
[5, 6, 11, 12], mirroring the results from our study [5]. Intragas-
tric balloons have similarly demonstrated improvements in pa-
tients with NAFLD by multiple measures, including histologic
activity [13, 14], transaminases [13–15], imaging-based hepa-
tic steatosis [15], and serum glucose and insulin [13, 15]. The
current study adds prospective controlled evidence to support
the use of endoscopic bariatric and metabolic therapies such as
POSE 2.0 for NAFLD management, as the majority of our inter-
ventional patients reached the critical threshold of ≥10%TBWL
associated with histologic steatohepatitis resolution and re-
gression of fibrosis [3, 16]. Of note, one POSE 2.0 patients had
worsened fibrosis from F0–F1 to F3 at 1 year, which indicates
that liver surveillance is warranted.

Mechanisms of NAFLD improvement are understood to in-
volve weight-dependent and weight-independent pathways,
with the latter pathway likely to involve insulin resistance, in-
flammation, and incretin imbalances, among others [4]. The
POSE 2.0 procedure is a restrictive gastric remodeling tech-
nique that affects appetite and results in metabolic improve-
ments through weight-loss-dependent pathways [7]. Thus, fu-

ture management can combine this procedure with small-
intestinal endoscopic bariatric and metabolic therapies and or
metabolically active pharmacotherapies, such as glucagon-like
peptide 1 receptor agonists in tandem or in sequence as a
chronic disease management paradigm for NAFLD [17].

One strength of this study is its pragmatic real-world design.
A frequent limitation of randomized clinical trials assessing
weight loss interventions is that patients are randomly alloca-
ted to a particular intervention that may not be their prefer-
ence, limiting generalizability and affecting compliance. Our
pragmatic design permitted patients who were highly motiva-
ted to lose weight through lifestyle means to self-allocate to
the control arm, further validating the robust differences in
outcomes favoring POSE 2.0 over lifestyle modification alone
[8].

One major limitation of this study is the lack of histologic as-
sessment. Although NAFLD is a prevalent diagnosis, the subset
of patients with NASH and liver fibrosis is at an elevated risk for
progression and overall mortality [18]. As NASH is a histologic
diagnosis, recognizing this at-risk subset can only be achieved
with liver biopsy. Nevertheless, liver biopsies have the limita-
tions of sampling errors and invasiveness. In NAFLD, liver biop-
sies are not commonly used clinically, as reflected in published
endoscopic and surgical articles using an approach similar to
ours [5]. Moreover, we could further mimic real-world scenar-
ios, reduce invasiveness, and increase patient compliance by
not using liver biopsies for research purposes only. Our primary
outcome, CAP, is a widely used, reproducible, practical biomar-
ker for identifying and stratifying steatosis, with an area under
the curve of 0.87 for ≥ S1, 0.77 for ≥ S2, and 0.70 for ≥ S3 [19].
HSI has high sensitivity (93%) and specificity (92%) for NAFLD,
and the relevance of APRI in NAFLD is shown by its correlation
with mortality [20]. Furthermore, nearly 75% of patients in the
POSE 2.0 arm achieved≥10%TBWL, the threshold of weight
loss linked to NASH resolution [3], suggesting that POSE 2.0 is
likely to benefit patients with NASH and simple steatosis in the
context of metabolic disease. Finally, the degree of engage-
ment and commitment could not be measured, which limits to
some extent the generalizability of our results.

A separate limitation of this study is that most patients did
not have elevated liver stiffness at baseline. While the goal of
such interventions would be to address NAFLD before it reaches
advanced stages, those with advanced fibrosis represent a pop-
ulation at high risk for progression to cirrhosis and thus warrant
further attention. Finally, given that most improvements in
NAFLD were correlated with amelioration in obesity-related
outcomes, it is unclear whether POSE 2.0 would be helpful for
nonobese NAFLD patients.

In conclusion, our data show that the POSE 2.0 procedure
was safe and effective in treating patients with NAFLD and obe-
sity. Further studies are required to elucidate its role in subsets
of patients with NASH, the physiologic mechanisms of NAFLD
improvement, and the efficacy and safety for individuals with
advanced fibrosis.
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