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Introduction
Obesity-related liver disease, non-alcoholic fatty liver disease 

(NAFLD), is now the leading cause of liver disease in affluent countries 
and many emerging economies and is expected to soon become the 
main indication for liver transplantation [1,2]. NAFLD is mostly linked 
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Abstract
Background and Aims: Emerging evidence suggest that metabolic endoscopy with devices such as the intra-gastric balloon 

(IGB) may be valuable, besides bariatric surgery, in managing obesity and related non-alcoholic fatty liver disease (NAFLD). 
NAFLD ranges from hepatic steatosis through non-alcoholic steatohepatitis to fibrosis and cirrhosis. We sought to determine the 
efficacy of the IGB in obesity-related hepatic steatosis and related non-invasive indices along with changes in gut microbiota and 
nutritional patterns. 

Materials and Methods: Thirty-three obese patients, body mass index (BMI) >30kg/m2, with hepatic steatosis were recruited 
for IGB treatment. Three patients withdrew early in the study. Of the remaining thirty, mean whole group BMI was 39.3±6kg/m2 and 
mean whole group weight was 110.5±18.5kg. Two patients failed to present for end-of-study assessments. On IGB removal at six 
months, paired baseline and end-of-study results were available for 28 patients. Anthropometric, nutritional data, blood and fecal 
samples were collected at baseline and at six months. Gut microbiota diversity was assessed by 16S RNA sequencing.

Results: On IGB removal, patients were sub-divided into those losing ≥10% of initial body weight (Group 1) and those losing 
<10% of initial bodyweight (Group 2). Group 1 had a significant reduction (p<0.05), in weight, BMI, waist circumference (WC), 
HOMA-IR, HbA1C, AST, GGT along with a non-significant reduction in ALT and NAFLD fibrosis score (p<0.08). Group 2 had a 
significant reduction in WC, p=0.02. Retrospective analyses between Group 1 and Group 2 showed no differences in baseline 
characteristics. At baseline, the mean estimated daily total energy intake (TEI) reported by the cohort was 6467.5±3413.6KJ, with 
estimated daily nutrient composition at approximately 51±52% carbohydrate (CHO), 19.3±5% protein, and 25.6±8.3 fat. Mean 
daily sugar intake was estimated at 97.8±135.7g. At final follow up, comparing Group 1 to Group 2, estimated daily TEI showed 
a non-significant reduction at 5550.9±2227.4 vs 8404.7± 1566.1 (p= 0.07) as did total fat intake(g) at 37.9±16.5 vs 67.5±61.7, 
p=0.08. There was between Group 1 and Group 2 however, a difference in estimated daily carbohydrate intake at 167±70.5 vs 
248.3±141.6 (p=0.05) along with a difference in estimated daily sugar consumption, at 79.8 ±48g vs 137.3 ±88.6 (p=0.02). In Group 
1, at final follow up, there was compared to baseline a significant reduction in CHO as a percentage of TEI, at 54.5±8.9 reduced to 
49.1±6.4, p=0.04. The cohort bacterial community structure did not differ significantly at baseline but was mildly altered post-IGB 
and enriched with the genus Bacteroides. The microbiomes differed in the two groups post-IGB. Group 1 showed a decrease in 
Streptococcus, Rothia and Butyrivibrio, while Clostridium XI was enriched.

Conclusions: Metabolic endoscopy with IGB improves anthropometric indices in obese patients with hepatic steatosis. Indices 
associated with obesity-related hepatic steatosis were also reduced in patients losing ≥10% of initial body weight. These patients 
showed a significant reduction in carbohydrate consumption. The weight loss and lowered CHO consumption was accompanied by 
mild changes in the microbiome with enrichment of Clostridium XI in Group 1. The significance of these nutritional and microbiota 
changes is uncertain but warrants further investigation.
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with obesity and closely associated with other metabolic syndrome 
components, including impaired glucose tolerance (type 2 diabetes), 
hypertension, and dyslipidemia [3]. Emerging evidence suggests that 
intestinal microbiota may contribute to the development of obesity and 
NAFLD through processes that may include increased energy harvest, 
impaired intestinal permeability, metabolic endotoxemia, immune 
system modulation, and modification of satiety [4]. Cross-sectional 
studies have also examined the relationship between gut microbiota 
and NAFLD patients [5,6]. 

Lifestyle interventions remain the primary treatment proposal 
for NAFLD, with all guidelines suggesting weight loss of up to 10% 
[7]. This is, however, difficult for patients, and metabolic endoscopic 
devices such as the intra-gastric balloon (IGB) may provide an effective 
modality. IGBs may be useful because as compared to metabolic 
surgery, they are less invasive. Additionally, IGBs calm patients fears of 
the potential complications of metabolic surgery. Finally, IGBs reduce 
patients’ stigma of undergoing metabolic surgery and offer choice to 
patients who want to downsize but do not want to undergo metabolic 
surgery [8,9].

Abu Dayyeh, et al. [10], involving the Orbera intra-gastric balloon 
(IGB) as used here in our study, it had already been shown that at 6 
months, at which point the IGB was removed, 71.8% of the patients 
who underwent IGB insertion and behavioural management program 
(BMP - control Group) achieved significant excess weight loss (EWL) 
compared to subjects in the BMP alone (control group), on an intention 
to treat analysis, p<0.001. In a subsequent met-analysis it was shown 
with 3 randomised controlled studies that the %EWL in patients who 
received the Orbera IGB (n = 131) compared with a control group (n = 
95), the mean difference in %EWL in patients who received the Orbera 
IGB over controls was 26.9%, p ≤ 0.001 [11]. 

In a more recent American Gastroenterological Association 
technical review of the IGB in the management of obesity [12], seven 
randomised controlled trials met inclusion criteria, with outcome of 
weight loss at six months. The met-analysis comprised 628 individuals 
who underwent IGB therapy, and 551 individuals who were treated 
with control-standard of care (SOC). Mean weight loss in the IGB 
group differed significantly (p<0.05) from the SOC group with weight 
loss ranging from 7.1kg to 17.1kg (IGB Group) and in the SOC group 
ranging from 3.2kg to 6.4kg (mean difference 7.0kg; 95% CI, 4.7–
9.3kg). The point on the controlled efficacy of the IGB is well made. 
We ourselves have furthermore shown [13] that the IGB is efficacious 
in weight loss. 

Mechanistically, it is believed that the IGB increases satiety through 
mechanical and neuroendocrine mechanisms [14,15]. However, 
the precise or putative mechanisms of the IGB in reducing obesity 
and indices associated with NAFLD remain unclear. Specifically, no 
studies have examined the effect of IGB treatment and weight loss on 
gut microbiota and the impact of nutritional patterns in the process. 
The purpose of our current study was therefore to determine whether 
metabolic endoscopy with the IGB, in obese patients with hepatic 
steatosis, induces weight loss and in so doing reduces indices associated 
with obesity and hepatic steatosis and whether the mechanism may 
involve changes in gut microbiota. Mechanistically, we then examined 
changes in metabolic parameters, gut microbiota and dietary patterns. 

Materials and Methods
Study Design

This was a prospective study conducted at the Guy’s and St 

Thomas’ Hospital (King’s College, London) from August 2015 to April 
2016. Included patients satisfied the following criteria: age ≥ 18 years; 
BMI ≥ 30 kg/m2. All patients had a diagnosis of obesity-related hepatic 
steatosis confirmed by abdominal ultrasound (n=20), or a raised 
CAP reading above 268 dB/m on VCTE, n=10 [16]; alcohol intake in 
all patients was ≤ 20 grams per day. A comprehensive liver screen to 
exclude the presence of other liver diseases was also performed. 

Thirty-three obese patients, body mass index (BMI) >30kg/m2, 
with hepatic steatosis were recruited for IGB treatment. Three patients 
withdrew early in the study. Of the remaining thirty, mean whole group 
BMI was 39.3±6kg/m2 and mean whole group weight was 110.5±18.5kg. 
Two patients failed to present for end-of-study assessments. On IGB 
removal at six months, paired baseline and end-of-study results were 
available for 28 patients. Anthropometric, nutritional data, blood 
and fecal samples were collected at baseline and at six months. Gut 
microbiota diversity was assessed by 16S RNA sequencing.

The included patients therefore were all obese with hepatic 
steatosis. Patients agreed to insertion of intra-gastric balloon (IGB) 
as a management of obesity either as a bridge to metabolic surgery or 
as a stand-alone therapy. Exclusion criteria included: any exposure to 
antibiotics or probiotics in the previous six months; decompensated 
cirrhosis; chronic gastrointestinal diseases; previous surgery that had 
modified the gastrointestinal anatomy; severe gastritis/esophagitis, 
gastric ulceration; intolerance of IGB insertion, or the inability to 
maintain IGB therapy for >4 months, and current pregnancy.

A standard clinical workup prior to IGB insertion, including 
anthropometric assessment, fasting blood tests, and liver Fibroscan-
CAP assessment. On the day of IGB insertion, patients provided a fecal 
sample for profiling the gut microbiota. The primary endpoint was 
weight loss at the time of IGB removal at six months from insertion, 
with repeat collection of biological samples and clinical assessment. 
The study was conducted according to the principles of the Declaration 
of Helsinki and the National Statement on Ethical Conduct in Research 
Involving Humans. 

Intra-gastric Balloon Insertion

Patients underwent gastroscopy under conscious sedation, 
following which an IGB (Orbera, Apollo Endosurgery, Austin, Texas 
78746, USA) was inserted orally into the stomach and filled with 500-
600mL of normal saline. At six months following insertion, each IGB 
was extracted as per the manufacturer’s instructions [13]. 

Dietary Intervention and Nutrient Surveyvv

Each patient received between 2-3 individualized, face-to-face, visits 
with a clinical dietician during the six months following IGB insertion. 
Patients were counseled on portion control to reduce total calorie 
intake without any specific macro- or micronutrient modification 
recommendations. Dietary intake assessment was carried out before 
IGB insertion and following IGB removal. Dietary composition and 
energy intake were ascertained through a self-reported three-day 
food diary, 24-hour recall, and a mini food frequency questionnaire. 
Nutritional intake data was calculated using Foodworks 8 (Xyris 
Software; Australia).

Anthropometrics, Biochemistry, and Liver Stiffness 
Assessment

Weight, height, blood pressure, heart rate, and waist circumference 
measurements were undertaken using standard protocols at baseline 
(just before IGB insertion) and following IGB removal [17]. Fasting 
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blood samples were collected at baseline and at IGB removal for 
assessment of blood counts, liver function tests, renal function, total 
cholesterol, high-density lipoprotein (HDL), low-density lipoprotein 
(LDL), triglycerides, glucose, insulin, HbA1c, vitamin D, CRP, 
and insulin resistance. Insulin resistance was calculated using the 
Homeostasis Model Assessment (HOMA)-IR score [18]. The Fib-
4 score was determined as a serological index of liver fibrosis, with a 
cut-off range of < 1.45 approximating with F0-F1 level of fibrosis, and 
scores > 3.25 approximating with F3-F4 [19]. The NAFLD fibrosis score 
was also calculated [19]. Vibration-Controlled Transient Elastography 
(VCTE) was measured using a FibroScan® device (Paris, France; Model 
502 Touch]). Controlled attenuation parameter (CAP - a coefficient 
directly proportional to hepatic steatosis) was measured in conjunction 
with VCTE. Cut-off values > 268 dB/m correlated with steatosis (>5% 
liver fat) [20]. 

Gut Microbiota

Crude stool was collected from each patient either at the time of 
intragastric balloon insertion, or within 48 hours of IGB insertion. Fecal 
DNA extraction was carried out using the PowerSoil® DNA Isolation Kit 
(MO BIO Laboratories, USA). 16S RNA sequencing was performed on 
an Illumina MiSeq instrument (Illumina Inc, USA) [21]. The sequence 
reads were analyzed using the MiSeq SOP Pipeline of the Mothur 
bioinformatics toolbox, and sequence alignment was performed using 
the Silva bacterial database. Classification of sequences and operational 
taxonomic units (OTUs; phylum to genus) was undertaken using the 
Ribosomal Database Project (RDP) MultiClassifier script. 

Statistical Analysis

Based on previous studies examining for significant metabolic 
(weight loss >5%) and histological changes following a lifestyle 
intervention in subjects with NAFLD, we estimated that the sample size 
required for a 90% confidence interval, with a 0.5 standard deviation, 
would be 26-30 patients [22,23]. At the study completion, all patients 
were divided into those losing ≥10% of initial body weight and those 
losing <10% initial body weight. This level of weight loss is accepted as 
required to cause a reduction in obesity-related liver disease through a 
reduction in insulin resistance [24]. Statistical analyses were performed 
using SPSS 24.0 (SPSS Inc, Chicago, USA) and R 3.6.3. Our data 
were tested by the Shapiro-Wilk’s test and found not to be normally 
distributed. Non-parametric continuous data were analyzed using the 
Mann Whitney test, while categorical data were analyzed using Chi-
squared tests or Fisher’s exact tests. When appropriate, Pearson or 
Spearman correlations were used to examine for correlations between 
total weight-loss amount, the two categories of weight loss (<10% 
versus ≥10%), and all changes in anthropometric, biochemical, and 
serological parameters between baseline and follow up. All significance 
tests were two-tailed, and differences were considered significant at p 
< 0.05.

As required, missing values involving clinical parameters were 
first scaled using StandardScaler and then imputed using k-Nearest 
Neighbors (KNNImputer). These parameters were then fed to a decision 
tree (DecisionTreeClassifier) to quantify their contribution to the target 
variable, which involving the two categories of weight loss. These three 
modules were available through the machine learning library scikit-
learn package ver.0.24.1. Two-sided Wilcoxon signed-rank tests and 
permutational multivariate analyses of variance were used to assess 
for any statistically significant differences in taxonomic and functional 
measures of bacterial community composition. Spearman rank tests 
were used to assess for any correlations between significant changes 

in clinical parameters occurring between baseline and follow-up as 
required. All analyses were performed with corrections for multiple 
comparisons using the Benjamini–Hochberg procedure as we have 
previously published [25]. Non-metric multidimensional scaling 
(NMDS) using the Bray-Curtis dissimilarity measure was also used to 
check for the absence of any clear separation between pre- and post-
IGB samples.

Results
Anthropometric and biochemical results 

Thirty-three patients were recruited for the study with three 
withdrawing early in the study. Baseline anthropometric and 
biochemical results were therefore available for 30 patients. The mean 
whole cohort baseline weight was 110.5±18.5kg, BMI 39.3±6kg/
m2, waist circumference 125.1±13.7cm. All obese patients had their 
diagnosis of steatosis established by the presence of hepatic steatosis on 
liver ultrasound (n=20), or a raised CAP reading above 268 dB/m on 
VCTE (n=10) [16]. The mean weight of the whole group at baseline was 
110.5±18.5kg, BMI 39.3±6kg/m2, waist circumference 125.1±13.7cm. 
Half of the patients had metabolic syndrome, and 30% had type 2 
diabetes (T2DM). The median HOMA-IR score was 5.29 (1.67-8.90), 
and the mean HbA1c was 6.35%. Baseline fibrosis scores were: NAFLD 
fibrosis score −0.73 (-1.04 − -0.42), FIB-4 1.27 (1.03−1.52), and median 
liver stiffness on transient elastography 6Kpa. The mean baseline CAP 
reading was 281dB/m. Paired baseline and follow-up results were 
available for 28 patients, with 2 patients failing to present for end-of-
study assessments. On IGB removal at six months, patients were sub-
divided into those losing ≥10% of initial body weight (Group 1, n=15; 
Table 1) and those losing <10% of initial bodyweight (Group 2, n=13; 
Table 2). 

Compared to baseline, Group 1 had a significant reduction 
(p<0.05), in bodyweight, BMI, waist circumference (WC), HOMA-IR, 
HbA1C, AST, GGT along with a non-significant reduction in ALT and 
NAFLD fibrosis score (p<0.08). To elaborate, in Group 1, the mean 
weight loss was 17kg, approximately 15.25% lost compared to baseline 
with mean BMI reduction at 6.35 kg/m2. In Group 1, statistically 
significant reductions were also observed in mean waist circumference 
125.9 ± 13.5 vs 110.5 ± 12.4 p<0.01), median HOMA-IR scores of 5.29 
(1.85 – 7.73) vs. 2.24 (0.82 – 2.83), p=0.01); median % HbA1c of 6.45 
(range 5.58 – 7.33) vs. 5.80 (5.50 – 6.10), p<0.01 and AST at 28.1 ± 
9.5 to 22.8 ± 5.2, p<0.05) as compared to baseline (Table 1). In Group 
2, mean weight loss was 2.1kg, at approximately 2.78% from baseline, 
BMI reduction of 0.73 kg/m2 (all non-significant compared to their 
baseline). Group 2 only had a significant reduction in WC, p=0.02. 
Retrospective analyses between Group 1 and Group 2 showed no 
differences in anthropometric baseline characteristics between these 2 
Groups (Table 3).

Nutritional Modifications

At baseline, the mean estimated daily total energy intake (TEI) 
reported by the cohort was 6467.5±3413.6KJ, with estimated daily 
nutrient composition at approximately 51±52% carbohydrate (CHO), 
19.3±5% protein, and 25.6±8.3 fat (Table 4). Mean daily sugar intake 
was estimated at 97.8±135.7g. Changes in nutrient parameters 
following IGB therapy in Groups 1 and 2 are shown in Tables 5 and 
6, respectively. In Group 1, at final follow up, there was compared 
to baseline a significant reduction in CHO as a percentage of TEI, at 
54.5±8.9 reduced to 49.1±6.4, p=0.04 (Table 5). In Group 2, there was 
an increase, not significant, in TEI at 6 months (6741.8 KJ to 8404.7 KJ, 
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Group 1:
Weight loss ≥ 10% (n=15)

Clinical parameter Pre-IGB therapy Post-IGB therapy p-value
Weight (kg), mean ± SD 110.5 ± 18.5 93.5 ± 15.5 <0.01
BMI (kg/m2), mean ± SD 40.2 ± 6.7 33.9 ± 5.4 <0.01
Waist circumference (cm), mean ± SD 125.9 ± 13.5 110.5 ± 12.4 <0.01
Systolic blood pressure (mmHg), mean ± SD 132 ± 27 131 ± 23 0.91
Diastolic blood pressure (mmHg), mean ± SD 79 ± 15 81 ± 14 0.50
HOMA-IR, median (range*) 5.29 (1.85 – 7.73) 2.24 ± (0.82 – 2.83) 0.01
HbA1c (%), median (range*) 6.45 (5.58 – 7.33) 5.80 ± (5.50 – 6.10) <0.01
Fasting cholesterol (mmol/L), mean ± SD 4.46 ± 1.10 4.32 ± 1.58 0.85
Fasting LDL (mmol/L), mean ± SD 2.71 ± 1.24 2.38 ± 1.13 0.50
Fasting triglycerides (mmol/L), mean ± SD 1.54 ± 0.89 1.53 ± 1.64 0.99
Fasting HDL (mmol/L), mean ± SD 1.22 ± 0.35 1.31 ± 0.35 0.13
ALT (U/L), mean ± SD 28.9 ± 14.3 21.1 ± 8.34 0.08
AST (U/L), mean ± SD 28.1 ± 9.5 22.8 ± 5.2 0.04
GGT (U/L), mean ± SD 46.4 ± 29.1 30.0 ± 15.4 0.03
Ferritin (μg/L), mean ± SD 107.8 ± 164.5 105.8 ±103.8 0.22
25-hydroxy vitamin D (nmol/L), mean ± SD 41.1 ± 17.8 58.3 ± 13.1 0.43
Fib4 score, median (range*) 1.27 (1.03 – 1.52) 1.17 (0.51 – 1.40) 0.43
NAFLD fibrosis score, median (range*) -0.73 (-1.04 – -0.42) -1.22 (-1.67 – -0.80) 0.08
Transient elastography (median stiffness, kPa), median (range*) [n=9] 6.01 (4.9 – 7.1) 5.32 (4.71 – 7.4) 0.31
CAP (dB/m), mean ± SD 276.4 ± 92 248.1 ± 78 0.68

At six months, the 28 patients were divided into those losing ≥10% of body weight from baseline, p<0.01 (Group 1, n=15, Table 1) and those losing <10% from baseline 
(Group 2, n=13, Table 2). In Group 1, with weight reduction of ≥10%, there was a parallel significant reduction of BMI, waist circumference, HOMA-IR, HbA1C, AST, and 
GGT. ALT was also reduced but did not reach significance, p=0.08. Retrospective analysis between Group 1 and Group 2 showed no differences between them at baseline 
(Table 3).

Table 1: Changes in clinical parameters following IGB therapy. Weight loss at IGB removal ≥10%, Group 1.

Group 2:
Weight loss <10% (n=13)

Clinical parameter Pre-IGB therapy Post-IGB therapy p-value
Weight (kg), mean ± SD 110.4 ± 18.2 108.3 ± 19.4 0.12
BMI (kg/m2), mean ± SD 38.4 ± 5.4 37.7 ± 6.2 0.15
Waist circumference (cm), mean ± SD 124.2 ± 12.2 119.4 ± 14.4 0.02
Systolic blood pressure (mmHg), mean ± SD 120 ± 16 121 ± 24 0.78
Diastolic blood pressure (mmHg), mean ± SD 79 ± 19 79 ± 17 0.99
HOMA-IR, median (range*) 3.22 ± (1.33 – 5.10) 2.05 ± (1.02 – 3.67) 0.11
HbA1c (%), median (range*) 6.25 ± (5.67 – 6.83) 6.17 ± (4.89 – 6.78) 0.33
Fasting cholesterol (mmol/L), mean ± SD 4.27 ± 1.53 4.59 ± 1.10 0.29
Fasting LDL (mmol/L), mean ± SD 2.55 ± 1.14 2.59 ± 1.15 0.50
Fasting triglycerides (mmol/L), mean ± SD 1.64 ± 0.99 1.53 ± 1.64 0.81
Fasting HDL (mmol/L), mean ± SD 1.20 ± 0.33 1.29 ± 0.41 0.77
ALT (U/L), mean ± SD 21.5 ± 7.9 20.5 ± 8.00 0.12
AST (U/L), mean ± SD 24.2 ± 5.6 25.1 ± 5.5 0.60
GGT (U/L), mean ± SD 35.3 ± 25.0 35.8 ± 21.3 0.89
Ferritin (μg/L), mean ± SD 144.7 ±143.7 129.4 ±160.0 0.88
25-hydroxy vitamin D (nmol/L), mean ± SD 45.2 ± 13.1 47.0 ± 16.4 0.43
Fib4 score, median (range*) 1.10 (0.61 – 1.60) 1.13 (0.37 – 1.46) 0.42
NAFLD fibrosis score, median (range*) -1.10 (-1.79 – -0.41) -0.81 (-1.67 – -1.10) 0.72
Transient elastography (median stiffness, kPa), median (range*) [n=7] 6.68 (4.5 – 10.0) 4.53 (4.34 – 6.4) 0.60
CAP (dB/m), mean ± SD 286.4 ± 74 294.6 ± 38 0.61
* 25-75% interquartile ranges expressed.

In Group 2 weight reduction at 6 months was <10% of initial body weight. In Group 2 Waist circumference was significantly reduced from baseline, p=0.02, but no other 
clinical parameters were reduced.  Retrospective analysis between Group 1 and Group 2 showed no differences between them at baseline (Table 3).

Table 2: Changes in clinical parameters following IGB therapy. Weight loss at IGB removal ≥10%, Group 2.
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Baseline characteristic Group 1: 
Weight loss ≥ 10%
(n=15)

Group 2:
Weight loss < 10%
(n=13)

p-value

Age (years), mean ± SD 48.5 ± 10.1 44.5 ± 11.0 0.33
Gender (M/F) 3/12 (20%/80%) 5/8 (38%/62%) 0.26
Ethnicity

-	 Caucasian
-	 Black
-	 Other

7 (47%)
6 (40%)
2 (13%)

8 (62%)
3 (23%)
2 (15%)

0.52

Type 2 diabetes 5/15 (33%) 4/13 (31%) 0.60
Metabolic syndrome 7/15 (47%) 8/13 (62%) 0.59
Weight (kg), mean ± SD 110.5 ± 18.5 110.4 ± 18.2 0.99
BMI (kg/m2), mean ± SD 40.2 ± 6.7 38.4 ± 5.4 0.45
Waist circumference (cm), mean ± SD 125.9 ± 13.5 124.2 ± 12.7 0.74
Systolic blood pressure (mmHg), mean ± SD 132 ± 27 120 ± 16 0.15
Diastolic blood pressure (mmHg), mean ± SD 79 ± 15 79 ± 19 0.97
Fasting glucose (mmol/L), mean ± SD 5.99 ± 2.78 5.41 ± 1.19 0.49
Fasting insulin (pmol/L), mean ± SD 123.2 ± 79.0 88.8 ± 66.1 0.24
HOMA-IR, median (range*) 5.29 (1.67 – 8.90) 3.22 ± (1.33 – 5.10) 0.32
HbA1c (%), median (range*) 6.45 (5.58 – 7.33) 6.25 ± (5.67 – 6.83) 0.68
Fasting cholesterol (mmol/L), mean ± SD 4.46 ± 1.10 4.27 ± 1.53 0.71
Fasting LDL (mmol/L), mean ± SD 2.71 ± 1.24 2.55 ± 1.14 0.72
Fasting triglycerides (mmol/L), mean ± SD 1.54 ± 0.89 1.64 ± 0.99 0.78
Fasting HDL (mmol/L), mean ± SD 1.22 ± 0.35 1.20 ± 0.33 0.91
ALT (U/L), mean ± SD 28.9 ± 14.3 21.5 ± 7.9 0.11
AST (U/L), mean ± SD 28.1 ± 9.5 24.2 ± 5.6 0.20
ALP (U/L), mean ± SD 79.0 ± 23.4 82.0 ± 39.8 0.56
GGT (U/L), mean ± SD 46.4 ± 29.1 35.3 ± 25.0 0.31
Ferritin (μg/L), mean ± SD 102.6 ± 159.2 144.7 ±143.7 0.48
25-hydroxy vitamin D (nmol/L), mean ± SD 41.1 ± 18.3 45.2 ± 13.1 0.43
Fib4 score, median (range*) 1.27 (1.03 – 1.52) 1.10 (0.61 – 1.60) 0.50
NAFLD fibrosis score, median (range*) -0.73 (-1.04 – -0.42) -1.10 (-1.79 – -0.41) 0.28
Transient elastography (median stiffness, kpa), median (range*) [n=16] 6.01 (4.9 – 7.1) 6.68 (4.5 – 10.0) 0.71
CAP (dB/m), mean ± SD 276.4 ± 92 286.4 ± 74 0.80
* 25-75% interquartile ranges expressed.

Table 3: Retrospective analysis and comparison of the anthropometric characteristics between the 2 weight loss Groups at baseline.

Nutrient parameter Mean (SD) 25th Percentile Median 75th Percentile
Total Kilojoules 6467.5 (3413.6) 4406.90 5533.62 7383.28
Vitamin E (mg) 12.4 (9.7) 3.99 9.84 18.54
Omega-3 (grams) 0.30 (0.65) 0.04 0.11 0.24
Iodine (μg) 153.4 (94.2) 89.17 137.46 192.95
Selenium (μg) 66.4 (35.0) 48.21 61.78 76.84
Zinc (mg) 9.6 (6.8) 5.58 7.90 12.83
Iron (mg) 10.5 (8.5) 4.82 7.70 12.59
Phosphorus (mg) 1210.6 (584.0) 810.91 1023.97 1505.98
Calcium (mg) 727.3 (402.9) 352.93 710.80 1002.51
Magnesium (mg) 326.4 (167.9) 191.39 303.61 400.06
Potassium (mg) 2570.7 (1062.8) 1901.03 2374.34 3054.56
Sodium (mg) 1626.4 (965.2) 962.73 1405.53 2205.86
B-Carotene (μg) 2384.9 (2399.1) 700.06 1806.20 2395.12
Retinol (μg) 386.9 (405.9) 103.91 194.10 805.09
Vitamin A (μg) 648.2 (532.0) 286.32 500.91 680.34
Folate (μg) 368.3 (240.8) 220.30 339.13 416.79
Vitamin C (mg) 173.5 (190.7) 57.63 103.09 192.21
Niacin Eq (mg) 29.7 (13.2) 22.50 25.16 34.69
Niacin (mg) 16.0 (7.1) 11.44 14.23 17.79
Riboflavin (mg) 2.1 (1.3) 0.88 1.92 2.90
Thiamine (mg) 1.31 (0.9) 0.59 1.05 1.82
Fibre (grams) 19.4 (8.1) 14.28 20.18 21.68
Water (grams) 2195.9 (1403.7) 1171.53 1522.84 2943.20
Starch (grams) 104.3 (47.7) 72.24 105.23 126.50
Total Sugars (grams) 97.8 (135.7) 44.50 73.96 83.16
Carbohydrate (% KJ) 51.3 (52.0) 44.15 50.70 54.83
Carbohydrate (grams) 202.7 (139.1) 138.83 178.23 209.32
Cholesterol (mg) 193.1 (172.4) 99.24 128.00 209.03
Monounsaturated fat (grams) 17.9 (15.5) 10.23 17.17 22.40
Fat as polyunsaturated fat (% KJ) 18.0 (5.0) 14.33 18.01 21.87
Fat as monounsaturated fat (% KJ) 43.9 (5.9) 40.43 44.34 47.34
Fat as saturated fats (% KJ) 38.1 (8.5) 31.72 38.13 42.43
Polyunsaturated Fat (grams) 7.2 (4.9) 4.48 6.43 10.02
Saturated Fat (% KJ) 8.8 (3.7) 6.58 8.52 11.51
Saturated Fat (g) 16.3 (12.0) 7.74 12.61 23.09
Total Fats (%) 25.6 (8.3) 22.07 25.70 32.99
Total Fats (grams) 45.8 (28.9) 24.17 43.27 57.68
Protein (% KJ) 19.3 (5.0) 16.18 18.77 22.35
Protein (grams) 70.7 (39.7) 48.94 59.05 82.59
Fructose (grams) 23.2 (39.5) 0.10 14.0 213.3

Table 4: Baseline nutrient parameters for the entire cohort. 

At baseline, the mean estimated daily total energy intake reported by the cohort was 6467.5±3413.6KJ, with estimated daily nutrient composition at approximately 51±52% 
carbohydrate (CHO), 19.3±5% protein, and 25.6±8.3 fat.
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p=0.16), but a significantly higher intake of total sugar (77.8 g to 137.3g, 
p=0.02) and iodine, p<0.05 (Table 6). At final follow up, comparing 
Group 1 to Group 2, estimated daily TEI showed a non-significant 
reduction at 5550.9±2227.4 vs 8404.7±1566.1 (p= 0.07) as did total 
fat intake(g) at 37.9±16.5 vs 67.5±61.7 (p=0.08) (Table 7). There was 
between Group 1 and Group 2 however, a difference in estimated daily 
carbohydrate intake at 167±70.5 vs 248.3±141.6 (p=0.05) along with a 
difference in estimated daily sugar consumption, at 79.8 ±48g vs 137.3 
±88.6 (p=0.02) (Table 7), plus iodine, retinol, and riboflavin (p,0.05).

Gut Microbiota Changes

The cohort bacterial community structure did not differ 

significantly at baseline (Figure 1). It was however, mildly altered post-
IGB removal and enriched with the genus Bacteroides: Group 1 showed 
a decrease in Streptococcus, Rothia and Butyrivibrio, while Clostridium 
XI was enriched.

The bacterial community structure at the taxonomic genus level 
differed between the pre and post-IGB groups, with genus Bacteroides 
forming the largest bacterial populations in the post-IGB group 
(Figure 2A). The following genera were reduced in the post-IGB group 
compared to the pre-IGB group: Clostridium XVIII, Anaerococcus, 
Gordonibacter, Paraeggerthella, Escherichia Shigella, Collinsella, 
Gemella, Granulicatella and Dorea (Figure 2A). However, groups 
Pre-IGB and Post-IGB did not differ macroscopically, with the first 

Nutrient parameter Pre-IGB Post-IGB p-value
Total Kilojuoles 6605.0 (3852.8) 5550.9 (2227.4) 0.35
Vitamin E (mg) 12.2 (8.7) 12.5 (8.7) 0.89
Omega-3 (grams) 0.2 (0.2) 0.5 (0.8) 0.20
Iodine (μg) 159.1 (92.2) 167.8 (88.6) 0.62
Selenium (μg) 59.3 (20.3) 63.0 (21.8) 0.66
Zinc (mg) 8.9 (4.3) 8.4 (3.2) 0.54
Iron (mg) 10.0 (5.6) 8.9 (4.4) 0.55
Phosphorus (mg) 1118.4 (433.7) 1164.1 (550.6) 0.75
Calcium (mg) 709.0 (391) 826.9 (515.4) 0.40
Magnesium (mg) 306.4 (114.3) 339.4 (131.7) 0.17
Potassium (mg) 2595.9 (931.8) 2597.2 (1324.8) 1.00
Sodium (mg) 1566.2 (928.5) 1564.3 (716.9) 1.00
B-Carotene (μg) 1999.7 (1481.2) 1747.4 (1422.3) 0.62
Retinol (μg) 422.1 (430.2) 375.6 (364.7) 0.54
Vitamin A (μg) 567.1 (387.3) 533.0 (317.8) 0.78
Folate (μg) 414.2 (282.4) 417.5 (241.9) 0.97
Vitamin C (mg) 224.6 (239.9) 134.9 (107.5) 0.18
Niacin Eq (mg) 26.8 (9.8) 28.9 (12.9) 0.59
Niacin (mg) 14.3 (6.1) 15.9 (8.2) 0.49
Riboflavin (mg) 2.1 (1.2) 2.1 (1.1) 0.86
Thiamine (mg) 1.4 (0.8) 1.5 (0.9) 0.60
Fibre (grams) 19.0 (4.5) 18.6 (7.1) 0.81
Water (grams) 1972.0 (1321.6) 2581.3 (1473.7) 0.18
Starch (grams) 107.4 (36.6) 86.1 (43.3) 0.07
Total Sugars (grams) 119.1 (187.1) 79.8 (48.9) 0.38
Carbohydrate (% KJ) 54.5 (8.9) 49.1 (6.4) 0.04
Carbohydrate (grams) 226.7 (181.6) 167.0 (70.5) 0.23
Cholesterol (mg) 169.7 (91.2) 181.9 (133.4) 0.73
Monounsaturated fat 
(grams)

17.2 (10.4) 14.9 (6.4) 0.46

Fat as polyunsaturated fat 
(% KJ)

16.7 (4.7) 18.9 (7.3) 0.35

Fat as monounsaturated fat 
(% KJ)

45.6 (4.8) 43.9 (6.5) 0.46

Fat as saturated fats (% KJ) 37.7 (7.4) 37.2 (11.5) 0.88
Polyunsaturated Fat (grams) 5.9 (3.0) 6.5 (3.4) 0.61
Saturated Fat (% KJ) 7.9 (2.8) 8.3 (2.5) 0.57
Saturated Fat (g) 15.0 (10.9) 12.6 (7.0) 0.48
Total Fats (%) 23.5 (7.0) 25.7 (5.9) 0.28
Total Fats (grams) 42.2 (24.8) 37.9 (16.5) 0.58
Protein (% KJ) 18.1 (5.2) 20.4 (2.6) 0.13
Protein (grams) 63.8 (22.6) 66.5 (27.9) 0.75
Fructose (grams) 29.9 (53.4) 28.6 (54.1) 0.79
*All values expressed as mean ± SD

Table 5: Changes in nutrient parameters following IGB therapy in Group 1. 

In Group 1, at final follow up, there was compared to baseline a significant 
reduction in CHO as a percentage of total energy intake, at 54.5±8.9 reduced to 
49.1±6.4, p=0.04.

Nutrient parameter Pre-IGB Post-IGB p-value
Total Kilojuoles 6741.8 (3045.4) 8404.7.9 (5425.3) 0.16
Vitamin E (mg) 13.8 (11.4) 20.8 (16.5) 0.10
Omega-3 (grams) 0.5 (1.00) 0.4 (0.6) 0.43
Iodine (μg) 162.2 (99.9) 224.9 (146.2) 0.05
Selenium (μg) 79.8 (46.8) 101.1 (74.0) 0.35
Zinc (mg) 11.5 (9.1) 13.4 (8.0) 0.35
Iron (mg) 12.3 (11.5) 14.2 (9.7) 0.26
Phosphorus (mg) 1392.4 (742.7) 1649.2 (1013.0) 0.31
Calcium (mg) 814.8 (427.0) 1114.8 (795.5) 0.12
Magnesium (mg) 380.6 (213.9) 453.9 (235.0) 0.17
Potassium (mg) 2671.4 (1256.5) 3229.8 (1881.3) 0.18
Sodium (mg) 1779.6 (1073.0) 1861.4 (1492.5) 0.74
B-Carotene (μg) 3224.9 (3168.9) 4280.1 (4736.5) 0.24
Retinol (μg) 394.4 (405.2) 639.1 (466.4) 0.02
Vitamin A (μg) 836.7 (657.3) 1135.8 (1086.8) 0.20
Folate (μg) 350.1 (180.5) 433.9 (231.1) 0.07
Vitamin C (mg) 121.2 (102.3) 152.9 (100.1) 0.12
Niacin Eq (mg) 34.4 (16.6) 36.0 (20.4) 0.78
Niacin (mg) 18.6 (8.3) 19.0 (11.0) 0.88
Riboflavin (mg) 2.1 (1.3) 3.0 (1.6) 0.01
Thiamine (mg) 1.4 (1.0) 1.7 (1.1) 0.21
Fibre (grams) 23.9 (12.1) 23.9 (12.1) 0.33
Water (grams) 2667.4 (1497.1) 3185.5 (1560.2) 0.26
Starch (grams) 108.5 (60.2) 110.0 (72.5) 0.92
Total Sugars (grams) 77.8 (31.3) 137.3 (88.6) 0.02
Carbohydrate (% KJ) 47.6 (10.9) 50.9 (9.5) 0.32
Carbohydrate (grams) 187.3 (68.6) 248.3 (141.6) 0.09
Cholesterol (mg) 236.5 (246.9) 240.4 (194.7) 1.00
Monounsaturated fat (grams) 19.5 (13.4) 24.7 (23.1) 0.21
Fat as polyunsaturated fat 
(% KJ)

19.1 (5.4) 18.1 (7.7) 0.86

Fat as monounsaturated fat 
(% KJ)

40.5 (5.4) 40.1 (4.9) 0.86

Fat as saturated fats (% KJ) 40.5 (9.2) 41.8 (9.2) 0.67
Polyunsaturated Fat (grams) 9.2 (6.5) 11.3 (11.2) 0.42
Saturated Fat (% KJ) 10.4 (4.5) 9.5 (4.3) 0.46
Saturated Fat (g) 19.6 (10.9) 24.9 (26.9) 0.30
Total Fats (%) 27.9 (9.9) 26.1 (10.0) 0.45
Total Fats (grams) 53.3 (34.6) 67.5 (61.7) 0.24
Protein (% KJ) 20.4 (5.0) 19.4 (4.0) 0.49
Protein (grams) 83.5 (54.7) 91.4 (51.9) 0.58
Fructose (grams) 15.5 (8.7) 25.4 (21.9) 0.18
*All values expressed as mean ± SD

Table 6: Changes in nutrient parameters following IGB therapy in Group 2.

In Group 2, there was an increase, not significant, in total energy intake at 6 
months (6741.8 kJ to 8404.7 kJ, p=0.16), but a significantly higher intake of total 
sugar (77.8 g to 137.3g, p=0.02) and iodine, p<0.05.
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ten principal components accounting for only 47% of the total data 
variability (Figure 2B). Analyzing the intra-group bacterial species 
abundance post-IGB, Group 1 (weight loss ≥ 10%) and Group 2 (weight 
loss < 10%) significantly differed for the genera Streptococcus (p=0.04), 
Rothia (p=0.05) and Butyrivibrio (p=0.04) that were more abundant 
in Group 2, while Clostridium XI (p=0.03) was nearly ten times more 
abundant in Group 1 (Figure 3). Changes in bacterial Operational 
taxonomic units (OTUs) in Group 1 and Group 2 at IGB removal are 
shown in Table 8 and Table 9, showing that the actual changes in the 

OTUs are significant but small and as such the functional relevance 
remains uncertain. 

Nutrient parameter Group 1:
Weight loss 
≥10%  (n=15)

Group 2:
Weight loss 
< 10% (n=13)

p-value

Total Kilojoules 5550.9 (2227.4) 8404.7 (1566.1) 0.07
Carbohydrate (grams) 167.0 (70.5) 248.3 (141.6) 0.05
Carbohydrate (% KJ) 49.1 (6.4) 50.9 (9.5) 0.21
Starch (grams) 86.1 (43.3) 110.0 (72.5) 0.86
Fibre (grams) 18.6 (7.1) 23.9 (12.1) 0.86
Total Sugar (grams) 79.8 (48.9) 137.3 (88.6) 0.04
Fat (grams) 37.9 (16.5) 67.5 (61.7) 0.08
Total Fats (%) 25.7 (5.9) 26.1 (10.0) 0.89
Total Fats (grams) 37.9 (16.5) 67.5 (61.7) 0.20
Monounsaturated fat (grams) 14.9 (6.4) 24.7 (23.1) 0.62
Fat as polyunsaturated fat (% KJ) 18.9 (7.3) 18.1 (7.7) 0.66
Fat as monounsaturated fat (% KJ) 43.9 (6.5) 40.1 (4.9) 0.54
Fat as saturated fats (% KJ) 37.2 (11.5) 41.8 (9.2) 0.55
Polyunsaturated Fat (grams) 6.5 (3.4) 11.3 (11.2) 0.75
Saturated Fat (% KJ) 8.3 (2.5) 9.5 (4.3) 0.40
Saturated Fat (g) 12.6 (7.0) 24.9 (26.9) 0.17
Cholesterol (mg) 181.9 (133.4) 240.4 (194.7) 0.78
Protein (% KJ) 20.4 (2.6) 19.4 (4.0) 0.48
Protein (grams) 66.5 (27.9) 91.4 (51.9) 0.62
Fructose (grams) 28.6 (54.1) 25.4 (21.9) 0.54
Vitamin E (mg) 12.5 (8.7) 20.8 (16.5) 0.78
Omega-3 (grams) 0.5 (0.8) 0.4 (0.6) 0.97
Iodine (μg) 167.8 (88.6) 224.9 (146.2) 0.04
Selenium (μg) 63.0 (21.8) 101.1 (74.0) 0.59
Zinc (mg) 8.4 (3.2) 13.4 (8.0) 0.49
Iron (mg) 8.9 (4.4) 14.2 (9.7) 0.86
Phosphorus (mg) 1164.1 (550.6) 1649.2 (1013.0) 0.60
Calcium (mg) 826.9 (515.4) 1114.8 (795.5) 0.81
Magnesium (mg) 339.4 (131.7) 453.9 (235.0) 0.18
Potassium (mg) 2597.2 (1324.8) 3229.8 (1881.3) 0.07
Sodium (mg) 1564.3 (716.9) 1861.4 (1492.5) 0.38
B-Carotene (μg) 1747.4 (1422.3) 4280.1 (4736.5) 0.35
Retinol (μg) 375.6 (364.7) 639.1 (466.4) 0.04
Vitamin A (μg) 533.0 (317.8) 1135.8 (1086.8) 0.26
Folate (μg) 417.5 (241.9) 433.9 (231.1) 0.31
Vitamin C (mg) 134.9 (107.5) 152.9 (100.1) 0.12
Niacin Eq (mg) 28.9 (12.9) 36.0 (20.4) 0.17
Niacin (mg) 15.9 (8.2) 19.0 (11.0) 0.18
Riboflavin (mg) 2.1 (1.1) 3.0 (1.6) 0.02
Thiamine (mg) 1.5 (0.9) 1.7 (1.1) 0.24
Water (grams) 2581.3 (1473.7) 3185.5 (1560.2) 0.65
*All values expressed as mean ± SD

Table 7: Differences in nutrient intake between the two groups at final follow-up. 

At final follow up, comparing Group 1 to Group 2, estimated daily total energy intake 
showed a non-significant reduction at 5550.9±2227.4 vs 8404.7±1566.1 (p= 0.07) 
as did total fat intake(g) at 37.9±16.5 vs 67.5±61.7 (p=0.08). There was between 
Group 1 and Group 2 however, a difference in estimated daily carbohydrate intake 
at 167±70.5 vs 248.3±141.6 (p=0.05) along with significant differences in estimated 
daily sugar consumption, at 79.8 ±48g vs 137.3 ±88.6 (p=0.04), plus increases in 
iodine, retinol and riboflavin, p<0.05.

Figure 1: Following IGB removal, retrospective analysis showed no significant 
difference in the overall α-diversity of gut microbiota at baseline and at the 
end of treatment for the whole cohort. This is demonstrated by non-metric 
multidimensional scaling (NMDS) using the Bray-Curtis dissimilarity measure 
where the absence of any clear separation between pre- and post-IGB samples 
is indicative of non-significant clustering in the gut microbiota before and after the 
intervention. A (red samples) = pre-IGB; and B (blue samples) = post-IGB. Non-
metric Multi-Dimensional Scaling (NMDS) indicates no significant change in gut 
microbiota diversity before and after IGB intervention for the whole cohort.

Figure 2A: Principal component analysis of 16S metagenomic data of bacterial 
genera in the faeces of obese patients with hepatic steatosis, in a 2D dimensional 
space made by the two most varying principal components, pre- and post-intra-
gastric balloon (IGB) treatment. Arrows identify genera that contributed more 
significantly than others to the overall variability of data. Variation in microbiota 
genera pre-IGB genera is indicated in blue, and variation in microbiota genera 
post-IGB is indicated in yellow. These data support a reduction in bacterial genera 
in the post-IGB microbiome which was enriched by the genus Bacteroides.
Figure 2B: Quantification of the variance of data as explained by the first ten 
principal components.
Analyzing the intra-group bacterial abundance, we found that Group 1 and Group 
2 differed for Finegoldia (p=0.047) and Ruminococcus2 (p=0.05) in pre-IGB and 
for a few other lower-level operational taxonomic units (OTUs), namely Butyrivibrio 
(p=0.038), Clostridium XI (p=0.034), Rothia (p=0.05), and Streptococcus (p=0.041) 
in the Post-IGB group as shown in Figure 3.
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Discussion
Non-alcoholic fatty liver disease (NAFLD) is a liver disease ranging 

from hepatic steatosis through non-alcoholic steatohepatitis to fibrosis 
and cirrhosis; NAFLD is mostly related to obesity [3,7]. Alarmingly, the 
rates are also rising in adolescents and young adults [26,27]. The rising 
rates of obesity and NAFLD, coupled with limited treatment options, 
have led to a growing interest in metabolic endoscopic therapy. The 
IGB is an emerging metabolic endoscopic treatment of obesity and 
NAFLD. In this study, we sought to determine the efficacy of the IGB 
in obesity-related hepatic steatosis and related non-invasive indices 
along with changes in gut microbiota and nutritional patterns. Thirty-
three obese patients were initially recruited but three left the study 
early. Thirty obese patients were then treated with the IGB. With two 
patients failing to show for final follow-up we had data for 28 patients at 
baseline and at six months. We then sought to determine the impact of 
IGB treatment on weight loss, nutritional patterns and gut microbiota 
upon IGB removal at six months. Anthropometric, nutritional data, 
blood and fecal samples were collected at baseline and at six months. 
Gut microbiota diversity was assessed by 16S RNA sequencing. 

On IGB removal patients were sub-divided into those losing ≥10% 
of initial body weight (Group 1) and those losing ≤10% of initial 
bodyweight (Group 2). Group 1 had a significant reduction (p<0.05), 
in weight, BMI, waist circumference (WC), HOMA-IR, HbA1C, AST, 
GGT along with a non-significant reduction in ALT and NAFLD 
fibrosis score (p<0.08). Group 2 had only a significant reduction in 
WC, p=0.02. Retrospective analyses between Group 1 and Group 2 

showed no differences in baseline characteristics. The mean estimated 
daily total energy intake (TEI) in KJ, reported by the whole cohort at 
baseline was 6467.5±3413.6, with estimated daily nutrient composition 
of 51±52% carbohydrate (CHO), 19.5±5% protein, and 27±25.6% fat. 
Mean daily sugar intake was estimated at 97.8±135.7g. At final follow 
up, comparing Group 1 to Group 2, estimated daily TEI showed a non-
significant reduction at 5550.9±2227.4 vs 8404.7± 1566.1 (p= 0.07) 
as did total fat intake(g) at 37.9±16.5 vs 67.5±61.7, p=0.08. There was 
between the 2 groups however, a significant reduction in estimated 
daily carbohydrate intake at 167±70.5 vs 248.3±141.6 (p=0.05) along 
with a reduction in estimated daily sugar consumption, at 79.8 ±48g 
vs 137.3 ±88.6 (p=0.02). In Group 1, at final follow up, there was 
compared to baseline a significant reduction in CHO as a percentage of 
TEI, at 54.5±8.9 reduced to 49.1±6.4, p=0.04. 

This data show that as previous, there is a reduction in weight 
induced by the IGB [10,28,13,12]. The latter paper was a technical 
review of the IGB in the management of obesity by the American 
Gastroenterological Association. It compromised seven randomised 
controlled trials, with outcome of weight loss at six months. The met-
analysis comprised 628 individuals who underwent IGB therapy, and 
551 individuals who were treated with control-standard of care (SOC). 
Mean weight loss in the IGB group differed significantly (p<0.05) from 
the SOC group with weight loss ranging from 7.1kg to 17.1kg (IGB 
Group) and in the SOC group ranging from 3.2kg to 6.4kg (mean 
difference 7.0kg; 95% CI, 4.7–9.3kg). With our previous publication 
[13] of 135 patients our weight loss was of the order in the me-analysis. 

Figure 3: Back-to-back bar-plot representing the differentially abundant bacteria in Group 1 (≥10% weight loss) and Group 2 (<10% weight loss). Bar height depends on 
the mean abundance of genus in each group. As compared to Group 2, the microbiomes of patients in Group 1 had a reduced abundance of streptococcus, Rothia, and 
Butyrivibrio which may be carbohydrate fermenting genera. There was however enrichment of the genus Clostrdium XI which is thought to enhance fermentation of dietary 
fibre to short chain fatty acids. The role of a change in microbiota in weight loss and how to achieve that change remains to be determined. 

Group 1:
Weight loss ≥ 10%
(n=15)

Taxonomic information
[Phylum, Class, Order, Family, Genus]

Pre-IGB Post-IGB Corrected p-values

Actinobacteria; Actinobacteria; Coriobacteriales; Coriobacteriaceae; Paraeggerthella 0.003 (0.01) 0.00 (0.00) 0.04
Firmicutes; Clostridia; Clostridiales; Clostridiales_Incertae_Sedis_XIII; Mogibacterium 0.01 (0.05) 0.00 (0.00) 0.03
Firmicutes; Negativicutes; Selenomonadales; Veillonellaceae; Negativicoccus 0.002 (0.01) 0.01 (0.00) 0.04
*All values are expressed as mean relative frequencies (%) ± SD, with Benjamin-Hochberg corrections applied to all.

Table 8: Changes in bacterial Operational taxonomic units in Group 1, at IGB removal. 

Changes in bacterial Operational taxonomic units (OTUs) in Group 1 and Group 2 at IGB removal are shown in Table 8 and 9, showing that the actual changes in the OTUs 
are significant but small and as such the functional relevance remains uncertain.

Group 2:
Weight loss <10%
(n=13)

Taxonomic information
[Phylum, Class, Order, Family, Genus]

Pre-IGB Post-IGB Corrected p-values

Firmicutes; Clostridia; Clostridiales; Lachnospirareae; Dorea 0.84 (0.81) 0.28 (0.22) <0.01
*All values are expressed as mean relative frequencies (%) ± SD, with Benjamin-Hochberg corrections applied to all.

Table 9: Changes in bacterial Operational taxonomic units in Group 2, at IGB removal. 

Changes in bacterial Operational taxonomic units (OTUs) in Group 1 and Group 2 at IGB removal are shown in Table 8 and 9, showing that the actual changes in the OTUs 
are significant but small and as such the functional relevance remains uncertain.
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We and others, having made the point that the IGB can induce 
reasonable weight loss and that the IGB may be useful for patients 
who do not want metabolic surgery or may act as bridge to metabolic 
surgery, the aim here was mechanistic. 

In our analysis here, we found that gut bacterial microbiomes 
(inferred from 16S metagenomic data in faeces) did change with 
weight reductions, with some improvements in anthropometrics plus 
metabolic and hepatic health. Our design here did not include a liver 
biopsy and patients were stratified as having hepatic steatosis through 
abdominal ultrasound or a high CAP score. As such the patients could 
not be said to have NAFLD but to have obesity related hepatic steatosis. 

To the best of our knowledge, this research is the first to report on 
the effects of IGB therapy on the gut microbiota, whereas changes in 
gut microbiota due to gastric bypass surgery and associated weight loss 
have been documented [29,30]. While previous reports have suggested 
a specific microbial signature pertaining to the obese or non-obese 
NAFLD phenotype [31,32], we highlight the overwhelming effect 
of dietary change in influencing the gut microbial environment, as 
opposed to any changes in weight or anthropometrics per se. Indeed, 
the absence of dietary constituent analysis in previous cross-sectional 
studies may explain the often-discrepant findings [33,34]. There was 
at final follow-up differences between Group 1 and Group 2 in iodine, 
retinol and riboflavin, p<0.05, the significance of which is uncertain.

Our data showed that there was a significant ~5% reduction in total 
CHO intake in patients losing more than 10% of their body weight. 
Our patients were free-living subjects without any supervised dietary 
prescriptions, which enabled us to examine the nutrient constituents 
that contributed most significantly to gut microbial changes. Our 
findings are in line with those of a recent trial examining the effectiveness 
of a low-carbohydrate diet compared with a calorie-restricted diet in 
combination with IGB therapy [35]. Therefore, a lower -carbohydrate 
intake could induce a greater loss with the with IGB therapy, and it is 
associated with gut microbiome changes. This hypothesis is supported 
by published data suggesting that weight change is unlikely to drive 
independently significant alterations in the gut microflora [36-38]. 

There were differences between the microbiomes, at the taxonomic 
level of genus, in the pre-IGB compared to post-IGB groups, with 
the exception of Genus Bacteroides forming the largest bacterial 
populations in the post-IGB group (Figure 2). High levels of Bacteroides 
were previously correlated with weight loss [39]. Clostridium is a 
predominant cluster of species in the human gut. In this study we 
observed that the abundance of Clostrdium XI significantly increased 
in Group 1 post-IGB (low carbohydrate intake and > 10% weight loss). 
Species forming the Clostridium XI cluster have been demonstrated 
to ferment dietary fibres to produce short chain fatty acids (SCFAs) 
as metabolic by-products. SCFAs may be related to gut microbiota, 
protect against obesity by increasing energy expenditure and appetite 
control, as recently reviewed [26]. At the smallest taxonomic levels, we 
found that the most varying bacteria belonged to the following species: 
Clostridium XVIII, Anaerococcus, Gordonibacter, Paraeggerthella, 
Escherichia Shigella, Collinsella, Gemella, Granulicatella and Dorea.

It is worth noting that a shift in numbers, which, although not 
statistically significant, may still have a functional relevance. i.e., 
metabolic function may not be density dependent. Relating microbiome 
community structure to clinical observation is challenging as changes 
in population density, if sustained over time, may have a long-term 
impact [40,41], particularly in the presence of other independent 
variables such as diet. It is also worth pointing out that the gut is known 

to harbour microbial niches that differ in both composition, host factor 
susceptibility, their richness and diversity [42,43]. In this, our primary 
study investigating this area, we could not aim to study these gut 
microbiota niches without knowing whether IGB induced-weight loss 
was related to any overall changes in Gut microbiota. This is an area 
that might be fruitful for future studies. 

In conclusion, the gut microbiota of obese patients with hepatic 
steatosis exhibits subtle changes following weight loss with IGB 
therapy. The importance of these changes remain to be determined. 
Additionally, dietary modifications appear to be independent factors 
in weight loss with the IGB, especially as regards lowered carbohydrate 
intake. Manipulation of specific macronutrients could potentially be 
involved in inducing weight loss to complement with the IGB which 
may be of consequent clinical benefits in hepatic steatosis and possibly 
NAFLD. 
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