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Abstract
Background and Aims:
Non-alcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver disease in the
United States and is closely associated with obesity and insulin resistance (IR). Weight loss is the best
treatment forNAFLD. Endoscopic sleeve gastroplasty (ESG) is a promising endoscopic procedure for
treatment of obesity. Our aim is to evaluate the change in IR and estimated hepatic steatosis and fibrosis
after ESG.
Methods:

ro

of

One hundred eighteen patients with obesity and NAFLD underwent ESG and were followed for 2 years.
Weight loss was evaluated as % total body weight loss (TBWL). IR was evaluated using homeostasis
model assessment of insulin resistance (HOMA-IR). The previously validated hepatic steatosis index
(HSI) and NAFLD fibrosis score (NFS) were used to estimate hepatic steatosis and risk of fibrosis.
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Results:

ur

Conclusions:

na
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Patients' mean BMI was 40±7 kg/m2 at baseline. 84% of patients completed 2 years of follow-up. At 2
years, mean TBWL was 15.5% (95% CI, 13.3%-17.8%). Patients' HOMA-IR significantly improved from
6.7±11to 3.0±1.6 after only 1 week from ESG (p=0.019) with continued improvement up to 2 years
(p=0.03). Patients' HSI score significantly improved, decreasing by 4 points per year (p for trend<0.001).
Patients' NFS significantly improved, decreasing by 0.3 point per year (P value for trend=0.034). Twentyfour patients (20%) improved their risk of hepatic fibrosis from F3-F4 or indeterminate to F0-F2, whereas
only 1 patient (1%) experienced an increase in the estimates risk of fibrosis (p=0.02).

Jo

Our results suggest a significant and sustained improvement in estimated hepatic steatosis and fibrosis
after ESG in patients with NAFLD. Importantly, we showed an early and weight-independent
improvement in insulin resistance, which lasted for 2 years after the procedure.

Introduction
Given the high prevalence of obesity in the United States, its associated metabolic derangements,
including nonalcoholic fatty liver disease (NAFLD), have become major public health concerns (1).
Various studies report that approximately a third of the U.S. population has NAFLD, including significant
hepatic inflammation in the form of nonalcoholic steatohepatitis (NASH) as a precursor of advanced
fibrosis in up to 5% of the population (2, 3). Visceral obesity is closely associated with insulin resistance
which is one of the most important risk factors for NAFLD, and plays a major role in development of
hepatic steatosis and steatohepatitis (4, 5). Insulin resistance leads to increased lipolysis, triglyceride
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synthesis, and increased hepatic uptake of fatty acids, resulting in hepatic lipid accumulation and steatosis
(6, 7). Previous studies have shown improvement in hepatic steatosis and inflammation by agents that
specifically target and enhance insulin sensitizers, such as the thiazolidinediones (8).
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Although there are several active clinical trials investigating a variety of drugs for the treatment of
NAFLD, the efficacy of currently available treatment options, such as vitamin E, pioglitazone,
semaglutide or liraglutide, are limited (9). Therefore, weight loss remains the cornerstone of effective
NAFLD management. Prior studies have shown that the loss of at least 5 to7% of total body weight is
needed to achieve improvement in hepatic steatosis and steatohepatitis, respectively (10, 11). Although
non-invasive treatments for obesity, including lifestyle interventions, have been shown to improve
NAFLD (reflected in histologic improvement in hepatic inflammation and fibrosis) in the short term (12,
13), they rarely result in adequate and sustained weight loss (14, 15). Alternatively, bariatric surgery can
be used to achieve significant and durable weight loss and improvement in insulin resistance for the
management of NAFLD in patients with obesity (16). In addition to the improvement in insulin resistance
in the setting of weight loss, malabsorptive bariatric procedures have been shown to be associated with
early improvement in insulin resistance independent of weight loss (17, 18). Although multiple
mechanisms such as lipid malabsorption and decreased incretin levels (eg, glucagon-like peptide 1, GLP1) have been suggested, the exact mechanism of early and weight-independent improvement in insulin
resistance after malabsorptive surgeries remains unclear remains unclear (19, 20). Despite their significant
beneficial effects, bariatric surgeries are associated with high morbidity and costs (21), and only a small
percentage of qualifying patients with obesity actually undergo bariatric surgery (22).
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The high prevalence of NAFLD and the aforementioned limitations of the available treatments have
created a need for minimally invasive options to achieve adequate and sustainable weight loss for
management of NAFLD in patients with obesity. Endoscopic sleeve gastroplasty (ESG) is a minimally
invasive bariatric procedure that is performed by endoscopic full-thickness suturing in order to decrease
gastric volume and alter digestive physiology through the apposition of anterior and posterior walls of the
stomach. Prior studies have shown the efficacy and safety of ESG to achieve substantial weight loss in
patients with obesity (23). Therefore, ESG could potentially be used to achieve weight loss and improve
insulin resistance for treatment of hepatic steatosis and inflammation in patients with NAFLD. In fact, in
a prior study, we have been able to show an improvement in hemoglobin A1c and alanine
aminotransferase levels after ESG in patients with obesity (23). However, to the best of our knowledge
the potential changes in insulin resistance and liver steatosis and fibrosis after ESG have not been studied
to date. The aim of this study was to evaluate the effect of ESG on insulin resistance and changes in
estimated hepatic steatosis and fibrosis in a cohort of patients with obesity and NAFLD.
Methods
Study population and follow-up
Patients who underwent ESG from August 2013 to August 2019 were prospectively enrolled in a patient
registry. Patients were included in this study if they were diagnosed with NAFLD (defined below) at
baseline before ESG and completed at least 3 months of follow-up. All procedures were performed in a
single center by the same gastroenterologist (R.S.). This study was approved by the institutional review
board at our medical center (IRB Protocol 1510016654).
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The inclusion criteria for undergoing ESG procedure included body mass index (BMI) of more than 30
kg/m2, failure of previous noninvasive weight loss measures including pharmacotherapy to achieve a
sustainable total body weight loss (TBWL) of at least 5%. Patients with a BMI of more than 40 kg/m2
were included if they refused to undergo bariatric surgery or were deemed not to be surgical candidates.
The exclusion criteria included prior bariatric procedures, family history of gastric cancer, history of
neoplastic gastric lesions, significant mental health disorders as evaluated by psychologist, coagulopathy,
and any significant comorbidities precluding deep sedation. Before the decision was made to perform
ESG, patients were evaluated by a multidisciplinary team including a gastroenterologist, and
endocrinologist, a dietitian, and a psychologist. Patients' were not required to stop pharmacotherapy after
ESG procedure.
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Anthropomorphic measurements and laboratory studies were performed at the baseline before the
procedure, as well as during scheduled follow-up visits at 1, 3, 6, 12, and 24 months after the procedure.
Afterwards, patients were encouraged to continue to have yearly follow-up visits, at the minimum. A
phone call or video follow-up was done if patients did not attend their follow-up visits. All participants
were scheduled to have a follow-up visit with their dietitian after the procedure and were required to
continue with lifestyle and diet interventions according to the recommendations of their provider.

re

ESG procedure
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Data were recorded on the technical details of the ESG, which was performed as described previously
(23). In summary, the procedures were performed in an outpatient endoscopy suite, under either propofol
sedation or general anesthesia at the discretion of the anesthesiology provider. The procedures were
performed in the left lateral position, using a standard gastroscope (GIF-H190, or GIF-HQ190; Olympus,
Pa, USA) with CO2 insufflation. After mapping anterior and posterior suture lines from incisura to cardia
with argon plasma coagulation, a double-channel gastroscope (GIF-2TH180; Olympus) outfitted with the
OverStitch suturing device (Apollo Endosurgery, Tex, USA) was used to perform the procedure. During
the initial phase of the study an overtube was used during the suturing, however with increased
experience the use of overtube was stopped. Full-thickness sutures were placed in two layers from
incisura to cardia (sutures are not placed in the fundus), in an either Z or U pattern, to approximate the
anterior and posterior walls of stomach and achieve a tubular reconfiguration and decreased gastric
volume. All cases received preprocedural prophylactic antibiotic (levofloxacin 500 mg intravenously), the
sleeve was lavaged with 80mg of topical Gentamicin at the end of the procedure, and patients received
three days of oral antibiotics after the procedure. Antiemetics were used before and after the procedure as
described previously (23). Initially patients were admitted overnight for observation; however, after the
demonstration that ESG was safe in the first 11 patients, this procedure was changed to same day
discharge after short observation in the postanesthesia care unit. All patients were restricted to a fullliquid diet for the first 2 weeks after the procedure as previously described (24).
Definitions and Outcomes
Weight loss was assessed using % total body weight loss (%TBWL= [(initial weight) – (postop weight)] /
[(initial weight)] *100) , and percent excess body weight loss (%ewl= [(initial weight) – (postop weight)]
/ [(initial weight- ideal body weight)] * 100; ideal body ideal weight is defined by the weight
corresponding to a BMI of 25 kg/m2) at 1 month, 3 month, 6 month, 1 year, and 2 year follow-up after
ESG (25). The percentage of patients achieving 7% and 10% weight loss was calculated based on prior
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studies showing improvement in hepatic inflammation and histological disease activity based on NAFLD
activity score (NAS) in NAFLD patients who achieve 7% TBWL, and regression of fibrosis in patients
who achieve 10% TBWL (10, 13, 26). The laboratory studies included fasting glucose and insulin levels,
and hemoglobin A1c (HbA1c), as well as liver function tests, and a complete blood count.
Patients with NAFLD were identified using the hepatic steatosis index (HSI) model (27). HSI is a
validated biochemical model for noninvasive diagnosis of NAFLD based on patient's gender, BMI,
diabetes status, and ratio of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels,
defined as:
HSI= [8*(ALT/AST) + BMI (+2, if female; +2 if diabetes)]
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HSI has been validated with a sensitivity of 93% for ruling out NAFLD in patients with a value<30, and a
specificity of 92% for diagnosis of NAFLD in patients with a value>36 (28), and the same cut-off values
were used in our study. Upper limit of normal for ALT was defined as 33 IU/L for males and 25 IU/L for
females according to 2017 American College of Gastroenterology Guidelines (29)

lP
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We used the previously validated model NAFLD fibrosis score (NFS: -1.675 +(0.037*age[years]) +
(0.094*BMI[kg/m2]) + (1.13*diabetes[yes=1, no=0]) + (0.99*AST/ALT) - (0.013*platelet count[x109]) (0.66*albumin[g/dL]) for estimating hepatic fibrosis and categorizing patients according to their risk of
liver fibrosis, defined as F0-F2 with NFS<-1.455, indeterminate with NFS -1.455 to 0.675, and F3-F4
with NFS>0.675 (30).

na

We evaluated patients' insulin resistance using the previously validated homeostasis model assessment of
insulin resistance (HOMA-IR = (fasting insulin (μU/mL)*fasting glucose (mmol/l) /22.5) (31). Diabetes
was defined as currently taking diabetes medication or HbA1c >= 6.5%.
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The primary outcomes of this study were (1) change in insulin resistance after ESG as measured by
HOMA-IR, (2) Change in estimated hepatic steatosis after ESG as measured by HSI, and (3) change in
estimated risk of hepatic fibrosis after ESG as measured by NAFLD fibrosis score. Secondary outcomes
included change in serum leptin level, ALT, and HbA1c over 2 years of follow-up after the ESG
procedure.
Statistical analysis
Descriptive statistics were reported as means (standard deviation, SD), median (interquartile range, IQR),
or counts and proportions. Variables were analyzed using paired the Student t test, Chi-squared, and
Fisher exact tests in univariate analysis. Logistic and linear regressions were used for multivariate
analysis. Mixed linear models with fixed effect for time since the procedure, and random intercept for
individual patients were used to test the linear trend of change in the outcomes after ESG. All tests are
two-tailed with a significance level of alpha = 0.05. All analyses were performed with Stata 13.0 for
Windows, StataCorp LP (College Station, Tex, USA).
Results
One hundred eighteen patients (68% female) with NAFLD were included in the analysis. Patients had a
mean age of 46±13 years, and mean BMI of 40±7 kg/m2 at baseline (Table 1). Forty-nine percent of
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patients had elevated ALT at baseline, with a mean HSI score of 52±7. At baseline, 11% of the patients
were high risk for liver fibrosis (fibrosis stage 3 and 4) based on NFS. Patients had a mean HgbA1c of
5.8%±1.2 and mean HOMA-IR of 6.7±11, and mean leptin of 20±18 ng/mL at baseline. All patients had
at least three months of follow-up at the time of analysis and complete follow-up rates were 97%, 88%,
and 84% at 6,12, and 24 months, respectively (Table 2).
Weight loss

of

Six months after ESG, the mean TBWL was 14.6% (95%CI 13.3%-15.9%, p<0.001), which increased to
15.5% at 2 years after ESG (95% CI, 13.3%-17.8%, P<0.001; Figure 1). Patients' nadir TBWL after ESG
was a mean of 19% (95% CI, 17.6%-20.4%, Table 3). Importantly, 87% and 83% of patients had a
TBWL of 7% or more, and 78% and 74% of patients had a TBWL of 10% or more, at 1 and 2 years after
ESG, respectively (Table 3).

ro

Insulin resistance and hyperglycemia

na

Hepatic steatosis and fibrosis
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The HOMA-IR was calculated at baseline before the procedure and starting as soon as one week after the
procedure to investigate the change in insulin resistance before any significant weight loss. Patients'
HOMA-IR significantly improved from 6.7±11to 3.0±1.6 after only 1 week from their ESG procedure
(p=0.019; Figure 2). Patients' HOMA-IR improved from 6.7±11 to 2.9±2.0 after 2 years of follow-up
(p=0.03). Mean HgbA1c improved significantly (Table 4) decreasing from a baseline of 6.0±1.8% to
5.6±0.6% after 2 years after ESG (p<0.001).
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Patients' HSI score significantly improved, decreasing by an average of 4 points per year after the ESG
(95% CI, 2-4 points; p value for trend<0.001), indicating improvement in hepatic steatosis (Table 4).
Similarly, patients' NFS significantly improved, decreasing by an average of 0.3 point per year after the
ESG (95% CI, 0.02 to 0.6 point; p value for trend=0.034), indicating improvement in the risk of hepatic
fibrosis. 24 patients (20%) improved their estimated risk of liver fibrosis from F3-F4 or indeterminate to
F0-F2, whereas only 1 patient (1%) experienced an increase in the estimates risk of liver fibrosis based on
NFS (p=0.02, Figure 3).
Subgroup analysis by severity of obesity
The change in primary outcomes was analyzed in subgroups by patients’ baseline severity of obesity,
categorized into patients with obesity (BMI 30 to 39.9), and patients with morbid obesity (BMI 40 or
higher). HOMA-IR improved from 4.9±3.2 to 3.2±2.6 after 2 years of follow-up (p=0.083) in patients
with obesity. HOMA-IR improved from 7.21±8.1 to 2.6±1.2 after 2 years of follow-up (p=0.074) in
patients with morbid obesity. HgbA1c improved from 5.5±0.9 to 5.3±0.9 after 2 years of follow-up
(p=0.002) in patients with obesity. HgbA1c improved from 6.6±2.4 to 5.9±0.6 after 2 years of follow-up
(p=0.008) in patients with morbid obesity.
Similarly, HSI score significantly improved in patients with obesity, decreasing by an average of 3 points
per year after the ESG (95% CI, 2-4 points; p value for trend<0.001). HSI score also significantly
improved in patients with morbid obesity, decreasing by an average of 4 points per year after the ESG
(95% CI, 6-3 points; p value for trend<0.001). Finally, NFS improved in patients with obesity,

Downloaded for sunit singhi (drsinghi@glide.net.in) at Post Graduate Institute of Medical Education and Research from ClinicalKey.com by Elsevier on September 28, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.

decreasing by an average of 0.3 point per year after the ESG (95% CI, 0.8 - 0.1 increase; p value for
trend=0.118). NFS also significantly improved in patients with morbid obesity, decreasing by an average
of 0.2 point per year after the ESG (95%CI 0.1 to 0.4 point; pvalue for trend<0.001),
Secondary outcomes

of

Patients' ALT and AST levels improved significantly over follow-up (Table 4). Only 31% of the patients
had an elevated ALT level at the end of follow-up indicating a significant improvement compared with
49%of patients at baseline (p=0.002). Leptin levels also decreased after ESG from 19.9±14.7 at baseline
to 13.6±11.5 at 2 years (p=0.001). The amount of weight loss was a significant predictor of change in
leptin levels as leptin levels decreased by an average of 0.4 ng/mL for each one percent of TBWL (95%CI
0.3-0.6, p<0.001).

ro

Adverse Events
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Nausea, pain, constipation, and heartburn were common after the procedure. Mild AEs (as defined
by American Society for Gastrointestinal Endoscopy, ASGE, (32) including abdominal pain and
nausea for more than 24 hours were seen in 30% of patients. These were controlled without need
for admission or change in care protocol, with anti-emetics and outpatient IV hydration, and
continuing patients' initial pain control regimen without need for repeat endoscopy. Two patients
had prolonged pain that lasted for more than 2 weeks and needed increasing PPI dose, adding
sucralfate, and increasing the duration of their liquid diet. There was one case of superficial
esophageal tear from using the overtube with the Overstitch device, which was controlled
endoscopically without need for repeat procedure. There was one moderate adverse event, with
peri-gastric leak, occurring after dietary indiscretion, which was managed as an inpatient with
antibiotics and percutaneous drainage, without need for surgery. There was an overall rate of 0.8%
moderate AEs, without any severe or fatal AEs according to ASGE definitions.

Obesity remains a growing epidemic as well as a major risk factor for many weight-related comorbid
conditions including insulin resistance and type 2 diabetes mellitus and NAFLD. In this study, we
evaluated the effect of ESG on insulin resistance and changes in the estimated hepatic steatosis and
fibrosis in a cohort of patients with obesity and NAFLD. We report a significant and durable weight loss
after ESG in this population, as well as a significant and sustained improvement in estimated hepatic
steatosis and fibrosis over 2 years of follow-up. Importantly, we showed an early and weight-independent
improvement in insulin resistance after ESG, which lasted for 2 years after the procedure.
To date, several studies have reported on the efficacy of ESG in inducing significant short and midterm weight loss (23, 33, 34). Similarly, we found that ESG resulted in an average TBWL of 14.6%
during the initial 6 months after the procedure. These findings are in keeping with the results reported
by Hedjoudje et al. in their meta-analysis of several studies examining the efficacy of ESG, with
pooled TBWL and BMI losses at 6 months of 15.1% and 5.65 kg/m2, respectively (35). Importantly,
we found weight loss was sustained for two-years after the procedure, with a TBWL of 15.5% at 2
years postprocedure. Our unpublished results on long-term weight loss for up to 5 years after ESG in
our cohort (study currently under review) have shown durability of these weight-loss outcomes (36).
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There is abundant evidence from multiple studies indicating that type 2 diabetes can be cured by
bariatric surgery with normalization of insulin resistance. A study by Abu Dayyeh and colleagues
found a trend toward a decrease in insulin resistance at 3 months after ESG. However, this study was
limited by its small sample size (37). In our cohort of 118 patients, we showed ESG resulted in longterm improvement in insulin resistance indicated by reduced HOMA-IR scores, which were sustained
at 2-year postprocedure. In our cohort, the biochemical loss of insulin resistance was mirrored by the
clinical effect, with a significant decrease in mean A1c at 2 years after ESG. It should be noted that
HOMA-IR is used extensively by researchers for evaluation of insulin resistance, and has been shown
to correlate well with the glucose disposal rate derived from the hyperinsulinemic euglycemic clamp,
and insulin sensitivity index based on frequently sampled intravenous glucose tolerance test, except in
patients with severe hyperglycemia or in lean diabetic patients (38). Much of the improvement in
insulin resistance after bariatric surgery has been attributed to the excess weight loss after surgery;
however, some effects occur before significant weight loss and thus appear to be independent of
weight loss (39-42). In fact, studies have shown significant improvement of insulin resistance and
glucose control even before an appreciable loss of weight (40, 43). We too assessed insulin resistance
using HOMA-IR in the early postoperative period and demonstrated substantial improvement of insulin
resistance within 7 days after ESG. Fasting states, such as in the postoperative period immediately after
bariatric surgery, are known to contribute to early improvements in insulin resistance (44, 45).
However, patients in our cohort were allowed a full liquid diet immediately after the procedure.
Furthermore, between 8 days and 3 months, we observed that HOMA-IR continued to decrease
suggesting that fasting and/or calorie restriction after the procedure played little role in the improved
insulin sensitivity. These findings indicate a rapid and significant improvement in insulin sensitivity
after ESG independent of weight loss, and suggest ESG is more than just a gastric restrictive
procedure, with hormonal effects similar to malabsorptive bariatric procedures, potentially through
decreased levels of incretins such as GLP-1 (19, 46). In addition to GLP-1, a number of other
hormones have been identified as active in glucose homeostasis, including the adipose hormone
leptin. Leptin levels are typically elevated in patients with obesity, and the surgical literature
evaluating the role of leptin after bariatric surgery shows a sustained decrease in leptin levels after
bariatric surgery (46-48). A previous mouse model study has demonstrated an improvement in insulin
resistance measured by HOMAIR after surgery imitating ESG (49). Furthermore, mouse model studies
using leptin deficient mice have found that leptin is required for the effects of RYGB on glucose
homeostasis, and that the decrease in leptin after RYGB was independent of weight and fat loss (50,
51). Interestingly, we observed a statistically significant decrease in leptin levels associated with
weight loss from baseline to 2 years postprocedure. Consequently, the sustained decrease in leptin
after ESG may play a role in improved insulin sensitivity after ESG and warrants further study.
In addition to weight loss and improvement in insulin resistance, ESG appears to hold promise as a
therapy for NAFLD/NASH. A number of studies evaluating the effects of bariatric surgery on NAFLD
have reported that surgical therapy leads to complete resolution of steatosis, inflammation, ballooning,
and severe fibrosis in two-thirds of patients (52-54). Only a few, relatively small studies have assessed
the efficacy of endobariatric therapies in treating NAFLD, and all have largely focused on intragastric
balloon therapy showing short term improvement in hepatic steatosis at 6 months after balloon
placement (55, 56). To date, no prior reports have evaluated the effect of ESG on NAFLD/NASH. In
our study, we report a significant improvement in aminotransferase levels, as well as estimated liver
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steatosis and risk of liver fibrosis over two years of follow-up after ESG in patients with NAFLD. In
fact, twenty percent of patients with risk of severe or indeterminate fibrosis at baseline achieved
sustained resolution at 2 years postprocedure. Importantly, 92% of patients in our study achieved a
TBWL of 10% or more during the follow-up, and 74% maintained it at 2 years after the procedure.
Hepatic fibrosis is the most important predictor of adverse outcomes and mortality in patients with
NAFLD, and previous studies have shown regression of fibrosis with 10% TBWL (11, 13).
Additionally, 2 years after the ESG, 83% of patients in this cohort maintained a TBWL of 7% or more
needed for improvement in hepatic steatohepatitis. Given the lack of any specific treatment options for
NAFLD, our results suggest that ESG can be considered a viable and safe option in the management of
patients with obesity and NAFLD.

-p

ro

of

The safety of ESG has been verified in several earlier studies. In our cohort, all patients completed their
ESG procedure successfully. Beyond expected mild adverse events (AEs, categorized in according to
ASGE guidelines) such as short term pain and nausea/vomiting immediately after the procedure, the
overall rate of moderate AE was 0.8% in our cohort, with no severe or fatal AEs, and included 1 patient
with a perigastric leak that resolved with percutaneous drainage. There were no deaths associated with the
procedure.
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There are several limitations to our study. The lack of a control group introduces an inherent potential for
bias given a lack of patient randomization and makes it hard to compare the effects of ESG with dietary
and lifestyle interventions alone. Furthermore, as a single center study, our results are considered to
have less generalizability than multicenter studies with larger number of participants. However, our
results can be considered to reflect the metabolic effects of ESG when performed at a center of excellence
with extensive experience. There is the possibility of differential loss to follow-up, though we did achieve
an 84% follow-up rate at 2 years. Our assessment of hepatic steatosis and fibrosis were determined via
non-invasive tools, specifically the NAFLD fibrosis score and HSI. Although these noninvasive tools
have been previously validated and are widely used in clinical practice, our study lacks the more
nuanced and detailed assessment of liver injury provided by the criterion standard liver biopsy.
The management of the metabolic adverse events of obesity remains a persistent issue, and weight loss is
still the cornerstone of treatment. In this study, we show that ESG causes not only a significant and
durable weight loss, but also provides long-term improvement in hepatic steatosis and risk of liver
fibrosis, as well as insulin resistance. Furthermore, improvement in insulin resistance after the procedure
appears to be at least partially independent of weight loss. These results suggest ESG may prove to be a
viable alternative treatment in the management of NAFLD and metabolic syndrome/insulin resistance.
Further studies will be required to confirm these findings and better characterize its potential role in
managing advanced metabolic disease.
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Table 1: Baseline characteristics of the study population.
Patient characteristic
Age, mean(SD), years
Female, n(%)
BMI, kg/m2, mean(SD)

N=118
46(13)
80 (68)
40(7)
31 (26)
40 (34)
47 (40)
58(49)

BMI 30-35, n(%)
BMI 35-40, n(%)
BMI >=40, n(%)

of

Elevated ALT^, n(%)
ALT^, U/L, mean(SD)

lP

na

Diabetes†, n(%)
Hemoglobin A1c, %, mean(SD)
HOMA-IR$, mean(SD)
Leptin, ng/mL, mean(SD)

re

F0-F2
Indeterminate
F3-F4

-p

HSI* score, mean(SD)
NAFLD fibrosis score‡, n(%)

29(16)
41(19)
52(7)
-1.13 (1.49)
45 (43)
48 (46)
12 (11)
35(30)
5.8(1.2)
6.7 (11)
20(18)

ro

Women
Men

Jo

ur

^ ALT: alanine aminotransferase, Upper limit of normal for ALT was defined as 33 IU/L for males and 25 IU/L for
females. * HSI: Hepatic Steatosis Index, defined as 8*(ALT/AST) + BMI (+2, if female; +2 if diabetes). ‡ NAFLD
fibrosis score defined as -1.675 +(0.037*Age[years]) + (0.094*BMI[kg/m2]) + (1.13*diabetes[yes=1, no=0]) +
(0.99*AST/ALT) - (0.013*platelet count[x109]) - (0.66*albumin[g/dL]; F0-F2<-1.455, indeterminate -1.455 to
0.675, F3-F4>0.675. † Diabetes was defined as taking diabetes medication or Hemoglobin A1c >= 6.5%. $ HOMAIR: homeostasis model assessment of insulin resistance, defined as fasting insulin (μU/ml)*fasting glucose (mmol/l)
/22.5.
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Eligible, n
118
118
114
93

of

Jo

ur

na

lP

re

3
6
12
24

Follow-up
Completed, n(%)
118 (100)
114 (97)
100 (88)
78 (84)

-p

Month

ro

Table 2. Follow-up details of the study population
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of
TBWL≥7%, n(%)
87 (76)
99 (90)
92 (89)
83 (87)
67 (83)
115 (98)

-p

EWL%
28.8 (25.8-31.7)*
39.3 (35-43.6)*
45.3 (39.9-50.7)*
47.8 (41.4-54.2)*
45.5 (38.1-52.8)*
57.9 (52.6-63.4)*

re

TBWL%
9.2 (8.5-9.8)*
12.6 (11.7-13.6)*
14.6 (13.3-15.9)*
15.6 (13.9-17.4)*
15.5 (13.3-17.8)*
19.0 (17.6-20.4)*

lP

Follow-up, month
1
3
6
12
24
Nadir weight

ro

Table 3: Percent total body weight loss (TBWL%)^ and percent excess body weight loss (EWL%)†
during follow-up
TBWL≥10%, n(%)
44 (38)
83 (76)
83 (80)
75 (78)
60 (74)
109 (92)

Jo

ur

na

^TBWL = [(Initial Weight) – (Postop Weight)] / [(Initial Weight)]*100. † EWL%= [(Initial Weight) – (Postop
Weight)] / [(Initial Weight- ideal body weight)] * 100; ideal body ideal weight is defined by the weight
corresponding to a BMI of 25 Kg/m2. * P-value for comparison with baseline<0.001.
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Table 4 Change in liver-related and metabolic parameters over 2 years after endoscopic sleeve
gastroplasty (ESG)

lP

re

-p

ro

Variable
Absolute change per year
95% CI
P value for linear trend
ALT^, U/L
-5
-3 to -7
<0.001
AST^, U/L
-3
-2 to -4
<0.001
HSI* score
-4
-3 to -4.4
<0.001
NAFLD fibrosis score‡
-0.3
-0.02 to -0.6
0.034
Hemoglobin A1C, %
- 0.2
-0.1 to -0.3
<0.001
HOMA-IR†
-1.7
-0.2 to -3.2
0.029
Leptin, ng/mL
-3.8
-1.6 to -5.9
0.001
^ALT: alanine aminotransferase; AST: aspartate aminotransferase. * HSI: Hepatic Steatosis Index, defined as 8*

Jo

ur

na

(ALT/AST) + BMI (+2, if female; +2 if diabetes). ‡ NAFLD fibrosis score defined as -1.675 +(0.037*Age[years]) +
(0.094*BMI[kg/m2]) + (1.13*diabetes[yes=1, no=0]) + (0.99*AST/ALT) - (0.013*platelet count[x109]) (0.66*albumin[g/dL]. † HOMA-IR: homeostasis model assessment of insulin resistance, defined as fasting insulin
(μU/ml) x fasting glucose (mmol/L) /22.5.

FIGURE LEGENDS

Figure 1. Percent total body weight loss (with 95%CI) after endoscopic sleeve gastroplasty (ESG) in patients
with nonalcoholic fatty liver disease
Figure 2. Improvement in insulin resistance based on HOMA-IR after endoscopic sleeve gastroplasty in
patients with nonalcoholic fatty liver disease.
Figure 3. Significant improvement in estimated liver fibrosis based on NAFLD fibrosis score after endoscopic
sleeve gastroplasty in patients with non-alcoholic fatty liver disease (Chi-squared p=0.022).
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AE: adverse event
ASGE: American society for gastrointestinal endoscopy
BMI: body mass index
ESG: endoscopic sleeve gastroplasty
EWL: excess body weight loss
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GI: gastrointestinal
IQR: interquartile range
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SD: standard deviation
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SE: standard error
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TBWL: total body weight loss

Key Words (MeSH):

Jo

ur

na

Obesity, Gastroplasty, Bariatrics, Non-alcoholic fatty liver disease, Insulin resistance

Downloaded for sunit singhi (drsinghi@glide.net.in) at Post Graduate Institute of Medical Education and Research from ClinicalKey.com by Elsevier on September 28, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.

Journal CME Conflict of Interest: Disclosure and Attestation
Lead Author:
Article:

Kaveh Hajifathalian

Improvement in Insulin Resistance and Estimated Hepatic Steatosis and
Fibrosis after Endoscopic Sleeve Gastroplasty

Date:

06/17/2020

Lead Author:

ro

of

The purpose of this form is to identify all potential conflicts of interests that arise from financial relationships between any
author for this article and any commercial or proprietary entity that produces healthcare-related products and/or services
relevant to the content of the article. This includes any financial relationship within the last twelve months, as well as
known financial relationships of authors’ spouse or partner. The lead author is responsible for submitting the
disclosures of all listed authors, and must sign this form at the bottom. Additional forms may be submitted if the
number of authors exceeds the space provided.
Alpana Shukla

Email Address*:

aps2004@med.cornell.edu

Author:

lP

re

-p

No financial relationships with a commercial entity producing health-care related products and/or services
relevant to this article.
Company
Type of Relationship**
Content Area (if applicable)

Louis Aronne

Email Address*:

ljaronne@med.cornell.edu

Author:

Jo

ur

na

No financial relationships with a commercial entity producing health-care related products and/or services
relevant to this article.
Company
Type of Relationship**
Content Area (if applicable)

Robert Brown

Email Address*:

rsb2005@med.cornell.edu

No financial relationships with a commercial entity producing health-care related products and/or services
relevant to this article.
Company
Type of Relationship**
Content Area (if applicable)

Author:

David Cohen

Email Address*:

dcohen@med.cornell.edu

No financial relationships with a commercial entity producing health-care related products and/or services
relevant to this article.
Company
Type of Relationship**
Content Area (if applicable)

* We will use email addresses only for questions related to this article
1
** Type of relationship may include: full-time or part-time employee, independent contractor, consultant, research or other grant recipient, paid speaker
or teacher, membership on advisory committee or review panels, ownership interest (product royalty/licensing fees, owning stocks, shares, etc.),
relationship of a spouse or partner, or any other financial relationship.

Downloaded for sunit singhi (drsinghi@glide.net.in) at Post Graduate Institute of Medical Education and Research from ClinicalKey.com by Elsevier on September 28, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.

Author:

Andrew Dannenberg

Email Address*:

ajdannen@med.cornell.edu

No financial relationships with a commercial entity producing health-care related products and/or services
relevant to this article.
Company
Type of Relationship**
Content Area (if applicable)

Author:

Brett Fortune

Email Address*:

brf9046@med.cornell.edu

Author:

-p

ro

of

No financial relationships with a commercial entity producing health-care related products and/or services
relevant to this article.
Company
Type of Relationship**
Content Area (if applicable)

Sonal Kumar

Email Address*:

sok9028@med.cornell.edu

Author:

Reem Z Sharaiha

na

lP

re

No financial relationships with a commercial entity producing health-care related products and/or services
relevant to this article.
Company
Type of Relationship**
Content Area (if applicable)

Email Address*:

rzs9001@med.cornell.edu

Jo

Olympus

ur

No financial relationships with a commercial entity producing health-care related products and/or services
relevant to this article.
Company
Type of Relationship**
Content Area (if applicable)

Consultant

Suturing

As corresponding author of this article, I attest that I have received disclosure information from all
participating authors as listed above and acknowledge that I am responsible for verifying the accuracy of and
reporting completely the information provided to me. Financial relationships relevant to this article can be
researched at https://www.cms.gov/openpayments/. I understand that typing my name below serves as an
electronic signature for the purposes of this form.

REEM Z SHARAIHA
Type Name (Electronic Signature)

* We will use email addresses only for questions related to this article
2
** Type of relationship may include: full-time or part-time employee, independent contractor, consultant, research or other grant recipient, paid speaker
or teacher, membership on advisory committee or review panels, ownership interest (product royalty/licensing fees, owning stocks, shares, etc.),
relationship of a spouse or partner, or any other financial relationship.

Downloaded for sunit singhi (drsinghi@glide.net.in) at Post Graduate Institute of Medical Education and Research from ClinicalKey.com by Elsevier on September 28, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.

