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Abstract
BACKGROUND 
Metabolic dysfunction-associated fatty liver disease corresponds to a clinical 
entity that affects liver function triggered by the accumulation of fat in the liver 
and is linked with metabolic dysregulation.

AIM 
To evaluate the effects of the intragastric balloon (IGB) in patients with metabolic 
dysfunction-associated fatty liver disease through the assessment of liver 
enzymes, imaging and several metabolic markers.

METHODS 
A comprehensive search was done of multiple electronic databases (MEDLINE, 
EMBASE, LILACS, Cochrane and Google Scholar) and grey literature from their 

https://www.f6publishing.com
https://dx.doi.org/10.4254/wjh.v13.i7.815
http://orcid.org/0000-0002-5237-0543
http://orcid.org/0000-0002-5237-0543
http://orcid.org/0000-0003-1844-8973
http://orcid.org/0000-0003-1844-8973
http://orcid.org/0000-0002-7446-0355
http://orcid.org/0000-0002-7446-0355
http://orcid.org/0000-0002-0441-8645
http://orcid.org/0000-0002-0441-8645
http://orcid.org/0000-0002-7423-813X
http://orcid.org/0000-0002-7423-813X
http://orcid.org/0000-0002-1057-2390
http://orcid.org/0000-0002-1057-2390
http://orcid.org/0000-0002-1057-2390
http://orcid.org/0000-0001-6870-2226
http://orcid.org/0000-0001-6870-2226
http://orcid.org/0000-0001-6498-1758
http://orcid.org/0000-0001-6498-1758
http://orcid.org/0000-0002-5247-318X
http://orcid.org/0000-0002-5247-318X
http://orcid.org/0000-0002-2848-417X
http://orcid.org/0000-0002-2848-417X
http://orcid.org/0000-0002-8597-5207
http://orcid.org/0000-0002-8597-5207
http://orcid.org/0000-0002-8597-5207
http://orcid.org/0000-0003-1215-5731
http://orcid.org/0000-0003-1215-5731
http://orcid.org/0000-0003-1215-5731
mailto:igorbraga1@gmail.com


de Freitas Júnior JR et al. IGB in MAFLD

WJH https://www.wjgnet.com 816 July 27, 2021 Volume 13 Issue 7

article, revising the article and 
finally approving; de Oliveira 
CPMS and Bernardo WM 
conducted data analysis and 
interpretation and drafted the 
article .

Conflict-of-interest statement: Dr. 
Moura reports personal fees from 
Boston Scientific, personal fees 
from Olympus, outside the 
submitted work.

PRISMA 2009 Checklist statement: 
The authors have read the PRISMA 
2009 Checklist, and the manuscript 
was prepared and revised 
according to the PRISMA 2009 
Checklist.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Invited 
manuscript

Specialty type: Gastroenterology 
and hepatology

Country/Territory of origin: Brazil

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B, B 
Grade C (Good): C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

Received: February 14, 2021 
Peer-review started: February 14, 
2021 
First decision: April 6, 2021 
Revised: April 12, 2021 
Accepted: July 2, 2021 
Article in press: July 2, 2021 
Published online: July 27, 2021

inception until February 2021. Inclusion criteria involved patients with a body 
mass index > 25 kg/m2 with evidence or previous diagnosis of hepatic steatosis. 
Outcomes analyzed before and after 6 mo of IGB removal were alanine amino-
transferase (IU/L), gamma-glutamyltransferase (IU/L), glycated hemoglobin (%), 
triglycerides (mg/dL), systolic blood pressure (mmHg), homeostatic model 
assessment, abdominal circumference (cm), body mass index (kg/m2) and liver 
volume (cm3).

RESULTS 
Ten retrospective cohort studies evaluating a total of 508 patients were included. 
After 6 mo of IGB placement, this significantly reduced alanine aminotransferase 
[mean difference (MD): 10.2, 95% confidence interval (CI): 8.12-12.3], gamma-
glutamyltransferase (MD: 9.41, 95%CI: 6.94-11.88), glycated hemoglobin (MD: 
0.17%, 95%CI: 0.03-0.31), triglycerides (MD: 38.58, 95%CI: 26.65-50.51), systolic 
pressure (MD: 7.27, 95%CI: 4.79-9.76), homeostatic model assessment (MD: 2.23%, 
95%CI: 1.41-3.04), abdominal circumference (MD: 12.12, 95%CI: 9.82-14.41) and 
body mass index (MD: 5.07, 95%CI: 4.21-5.94).

CONCLUSION 
IGB placement showed significant efficacy in improving alanine aminotransferase 
and gamma-glutamyltransferase levels in patients with metabolic dysfunction-
associated fatty liver disease as well as improving metabolic markers related to 
disease progression.

Key Words: Intragastric balloon; Metabolic dysfunction-associated fatty liver disease; 
Homeostatic model assessment; Abdominal circumference; Body mass index

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Metabolic dysfunction-associated fatty liver disease corresponds to the 
accumulation of fat in the liver and is linked with metabolic dysregulation. We 
evaluated the effects of the intragastric balloon in patients with metabolic dysfunction-
associated fatty liver disease through the assessment of liver enzymes, imaging and 
several metabolic markers. Outcomes analyzed before and after 6 mo of intragastric 
balloon placement were alanine aminotransferase (IU/L), gamma-glutamyltransferase 
(IU/L), glycated hemoglobin (%) and other parameters related to metabolic disorders. 
This is the first systematic review and meta-analysis to assess the role of the 
intragastric balloon in the new definition of metabolic dysfunction-associated fatty 
liver disease.

Citation: de Freitas Júnior JR, Ribeiro IB, de Moura DTH, Sagae VMT, de Souza GMV, de 
Oliveira GHP, Sánchez-Luna SA, de Souza TF, de Moura ETH, de Oliveira CPMS, Bernardo 
WM, de Moura EGH. Effects of intragastric balloon placement in metabolic dysfunction-
associated fatty liver disease: A systematic review and meta-analysis. World J Hepatol 2021; 
13(7): 815-829
URL: https://www.wjgnet.com/1948-5182/full/v13/i7/815.htm
DOI: https://dx.doi.org/10.4254/wjh.v13.i7.815

INTRODUCTION
The term nonalcoholic fatty liver disease, first proposed by Ludwig and collaborators 
in 1980[1] corresponds to a clinical entity that affects the histological structure and 
liver function triggered by the accumulation of fat in the liver unrelated to alcohol 
intake with a risk of developing nonalcoholic steatohepatitis and cirrhosis. It is 
estimated that this condition affects a quarter of the adult world population[2], and it 
will be the main cause of liver transplantation by 2030[3].

Recently, an international consensus panel of experts[4] proposed metabolic 
dysfunction-associated fatty liver disease (MAFLD) as a change in nomenclature and 
more appropriate term to reflect the pathophysiology and current knowledge of the 
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disease rather than the outdated terms of nonalcoholic fatty liver disease/nonalcoholic 
steatohepatitis. The new definition is based on current knowledge of the role of 
metabolic dysfunction in the pathophysiology of fatty liver disease related mainly to 
obesity, type 2 diabetes mellitus and other metabolic disorders. Also, they provided 
diagnostic criteria to facilitate stratification and the subsequent management of 
patients along with new horizons for translational research and new treatments.

The natural history of fatty liver disease navigates through the initial stages of 
hepatic steatosis with progression to steatohepatitis and liver cirrhosis in certain 
chronic cases[5]. The treatment of these patients still represents a challenge[6]. 
Lifestyle changes and control of metabolic disorders are the mainstays of the 
therapeutic approach. Pharmacological therapies are promising but have not yet 
evidenced efficacy in regressing the inflammation and liver fibrosis associated with the 
evolution of the disease[7]. Bariatric surgery has gained notoriety, but the expansion of 
its indication as a form of treatment for MAFLD has been discussed in view of the 
added morbidity and irreversibility of different surgical modalities.

Research for alternative therapies is relevant in the treatment of MAFLD, with 
endoscopic bariatric and metabolic therapies, especially with the intragastric balloon 
(IGB), seen as a safe and less invasive treatment option[8-12]. The IGB is a widespread 
therapy for short-term control of obesity and its mechanism of action is based on the 
occupation of the gastric chamber, causing a delay in gastric emptying, an increase in 
the feeling of satiety and consequently a reduction in caloric intake. Currently, several 
models of IGB are available for clinical use, with variations in its design, volume, fluid 
vs air filled-balloons, implantation duration and efficacy[13].

This study aims to evaluate the impact of IGB placement on MAFLD through the 
assessment of liver enzymes, certain metabolic markers and imaging parameters.

MATERIALS AND METHODS
Protocol registration
This study was performed in conformity with the PRISMA[14] guidelines, and it was 
registered in the PROSPERO[15] database under the file number (CRD42020204485). 
The study was approved by the Ethics Committee of Hospital das Clínicas, Faculty of 
Medicine at The University of São Paulo.

Eligibility criteria
Data search was made without limitations of language or publication date. The 
eligibility criteria adopted were: (1) population: patients with a body mass index (BMI) 
> 25 kg/m2 with evidence or previous diagnosis of hepatic steatosis; (2) intervention: 
endoscopic IGB placement; (3) comparator: the outcomes in baseline and post IGB 
moments; and (4) outcomes: alanine aminotransferase (ALT), gamma-glutamyltrans-
ferase (GGT), glycated hemoglobin, triglycerides, systolic blood pressure, homeostatic 
model assessment (HOMA-IR), abdominal circumference and liver volume were 
analyzed.

Studies that did not involve the use of an IGB for at least 6 mo of duration were 
excluded.

Search and study selection
We performed a search in electronic databases (MEDLINE, EMBASE, Cochrane, 
LILACS) and grey literature, from their inception until February 2021. As a search 
strategy, we used descriptors available from the United States National Library of 
Medicine Medical Subject Headings and other related terms that increased the 
sensitivity of search as described in Table 1. Two independent reviewers conducted 
the assessment of eligibility criteria. Disagreements were resolved by consensus or 
consultation with a third reviewer.

Data collection process
The data related to the analyzed outcomes were tabulated in an Excel table and 
included the IGB model used as well as the average volume of filling of the balloons 
and the number of calories in the diet associated with the treatment. In the comparison 
studies between IGB and diet, only data from the balloon intervention group were 
extracted, and not all outcomes were evaluated in all studies. When data of the 
published articles were insufficient, the corresponding authors were consulted by e-
mail for further elucidation.
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Table 1 Search strategy

Search strategy

Medline [(intragastric OR bariatric endoscopy OR balloon OR balloons OR bubble OR bubbles OR gastric balloon OR balloons)] AND [(mafld 
OR non alcoholic fatty liver disease OR nafld OR fatty liver OR nonalcoholic steatohepatitis OR nash OR nonalcoholic steatohepatitis 
OR alanine transaminase OR aspartate aminotransferase OR gamma-glutamyltransferase OR alkaline phosphatase OR fatty liver OR 
steatohepatitis OR steatohepatitis OR steatosis of liver OR visceral steatosis OR visceral]

MEDLINE, 
Embase, 
Cochrane, 
LILACS

[(intragastric OR balloon)] AND [(fatty liver)]

Grey literature [(intragastric OR balloon)] AND [(fatty liver)]

Table 2 Grading recommendations assessment, development and evaluation certainty evidence assessment table

Certainty evidence assessment Study event 
rates (%)

Participants 
(studies) 
follow up 

Risk of 
bias Inconsistency Indirectness Imprecision Publication 

bias

Overall 
certainty 
of 
evidence

With 
post-
IGB

With 
pre-
IGB

Risk 
difference 
with Pre-
IGB

ALT 1114 (10 
observational 
studies) 

Not 
serious 

Serious1 Not serious2 Not serious Publication 
bias strongly 
suspected3

⨁⨁◯◯, 
Low

557 557 Mean 10.27 
UI/L more 
(8.25 more to 
12.29 more)

GGT 1014 (8 
observational 
studies) 

Not 
serious 

Not serious Not serious2 Not serious None ⨁⨁⨁⨁, 
High

507 507 Mean 9.23 
UI/L more 
(6.88 more to 
11.58 more)

Hb1Ac 300 (6 
observational 
studies) 

Not 
serious 

Not serious Not serious4 Not serious Publication 
bias strongly 
suspected3

⨁⨁⨁◯, 
Moderate

150 150 Mean 0.17 % 
higher (0.03 
higher to 
0.31 higher)

Triglycerides 564 (6 
observational 
studies) 

Not 
serious 

Not serious Not serious Not serious None ⨁⨁⨁⨁, 
High

282 282 Mean 38.58 
mg/dL 
higher (26.65 
higher to 
50.51 higher)

Systolic blood 
pressure

468 (3 
observational 
studies) 

Not 
serious 

Not serious Not serious Not serious None ⨁⨁⨁⨁, 
High

234 234 Mean 7.27 
mmHg 
higher (4.79 
higher to 
9.76 higher)

HOMA-IR 378 (5 
observational 
studies) 

Not 
serious 

Serious1 Not serious Not serious None ⨁⨁⨁◯, 
Moderate

189 189 Mean 2.07 
higher (1.64 
higher to 
2.49 higher)

BMI 912 (8 
observational 
studies) 

Not 
serious 

Not serious Not serious Not serious Strong 
association 

⨁⨁⨁⨁, 
High

456 456 Mean 5.07 
kg/m2 
higher (4.21 
higher to 
5.94 higher)

Waist 672 (7 
observational 
studies) 

Not 
serious 

Not serious Not serious Not serious None ⨁⨁⨁⨁, 
High

336 336 Mean 12.12 
cm higher 
(9.82 higher 
to 14.41 
higher)

Liver volume 32 (2 
observational 
studies) 

Not 
serious 

Not serious Not serious Serious5 None ⨁⨁⨁◯, 
Moderate

16 16 MD 303.24 
higher (56.66 
lower to 
663.15 
higher)
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1Heterogeneity > 50%.
2Indirect measurement of hepatic steatosis.
3Presence of Outlier.
4Surrogate endpoint.
5Wide confidence interval. Overall certainty of evidence definition: ⨁◯◯◯: Very low-Any estimate of effect is very uncertain; ⨁⨁◯◯: Low-Further 
research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate; ⨁⨁⨁◯: Moderate-
Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate; ⨁⨁⨁⨁: High-Further 
research is very unlikely to change our confidence in the estimate of effect; MD: Mean difference; IGB: Intragastric balloon; HbA1c: Glycated hemoglobin; 
ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase; HOMA-IR: Homeostatic model; BMI: Body mass index.

Risk of bias and evidence quality
The risk of bias was assessed by the Risk of Bias in Non-randomized Studies-of 
Interventions tool[16]. The quality of evidence, expressed in high, moderate, low and 
very low, was assessed utilizing the objective criteria from Grading Recommendations 
Assessment, Development, and Evaluation (Table 2) using the GRADEpro-Guideline 
Development Tool software (McMaster University, 2015; Evidence Prime, Inc., 
Ontario, Canada)[17].

Statistical analysis
Our outcomes were continuous variables, and values of means and standard 
deviations were used for the statistical analysis. In studies that expressed the results in 
median and interquartile range, mathematical formulas were used for the data 
conversion[18].

The data of interest extracted from the selected studies were meta-analyzed using 
the RevMan software (Review Manager Software version 5.4-Cochrane Collaboration 
Copyright© 2020) using the inverse variance test. The mean values of each continuous 
outcome were calculated as well as the 95% confidence interval (CI). P < 0.05 were 
considered statistically significant, and the results were exposed through forest plots. 
Heterogeneity was calculated using the Higgins method (I2)[19]. When heterogeneity < 
50% was found, the fixed-effect model was used. In cases of heterogeneity > 50%, the 
funnel plot analysis was performed, and outlier cases were removed to maintain the 
analysis by a fixed effect. In cases where no outlier was evidenced, the analysis by the 
random effect model was performed. The correlation between outcomes was 
performed using the meta-regression using the Comprehensive Meta-Analysis tool 
version 2.2.057.

RESULTS
Study selection
The article selection process is shown in Figure 1. After applying the eligibility criteria, 
eleven articles were included in the qualitative analysis. Ten articles were included in 
the quantitative analysis, considering that one of the studies was a randomized 
controlled clinical trial. The individual results of each study are described in Table 3.

Risk of bias among the studies
Two studies presented moderate risk and eight studies presented low risk in the global 
analysis according to the Risk of Bias in Non-randomized Studies-of Interventions 
criteria. The study by Takihata et al[20] had a risk of serious bias in the classification of 
interventions because the patients themselves chose whether to participate in the IGB 
intervention group or the lifestyle modification (diet/physical exercise) group. The 
study by Nikolic et al[21] presented a moderate risk of lack of data due to the exclusion 
of participants due to a loss of follow-up in the study. The overall risk of bias in each 
study is detailed in Figure 2.

Meta-analysis
ALT (IU/L): Ten studies[20-29] with 508 patients were included in the meta-analysis of 
the outcome. The mean reduction in serum ALT values was 10.2 (95%CI: 8.12-12.3; P < 
0.01) after 6 mo, favoring the use of the IGB. This analysis showed high heterogeneity (
I2 = 56%), and the study by Bazerbachi et al[22] was identified as an outlier in the 
funnel plot analysis. After removing this study from the analysis, the heterogeneity 
remained at < 50% (I2 = 32%), maintaining the analysis by a fixed effect (Figure 3).
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Table 3 Results of individual studies

ALT (UI/L) GGT (UI/L) HbA1c (%) Triglycerides 
(mg/dL) Waist (cm) HOMA-IR BMI (kg/m2) SBP (mmHg)

Ref. n Balloon volume 
(cm3)

Pre-IGB Post-
IGB Pre-IGB Post-IGB Pre-

IGB
Post-
IGB Pre-IGB Post-IGB Pre-IGB Post-

IGB
Pre-
IGB

Post-
IGB

Pre-
IGB

Post-
IGB Pre-IGB Post-IGB

Forlano et al[25], 
2010

120 500 39.3 
(25.6)

24.4 
(10.0)

37.5 (20.5) 24.5 (17.1) - - - - - - - - 43.1 
(8.0)

38.8 (8.0) - -

Bazerbachi et al[22], 
2021

21 - 91.6 
(59.9)

39.4 
(25.4)

- - 7.7 (1.6) 6.5 (1.2) - - 128.9 
(15.4)

119.7 
(16.9)

- - 43.2 
(6.8)

37.9 (6.6) - -

Nikolic et al[21], 
2011

33 600 30 (23.25) 27 (16.75) 31 (50.75) 21 (36.75) 4.7 
(0.50)

4.6 (0.45) 124 (86.25) 124 
(124.75)

122 (21.00) 110 
(14.25)

- - 41.4 
(5.25)

35.6 
(5.25)

- -

Donadio et al[23], 
2009

40 500 30.7 
(14.0)

23.4 (9.3) 29.8 (19.1) 28.0 (28.1) 5.4 (0.5) 5.3 (0.4) 134.1 
(67.8)

118.8 
(66.5)

125.9 
(18.6)

115.8 (17) 4.1 (2.1) 2.7 (1.6) 44.8 
(8.9)

38.9 (6.8) 129.3 
(14.0)

122.6 
(10.4)

Stimac et al[29], 2011 166 600 34.7 
(31.5)

26.5 
(23.1)

33.3 (23.3) 24.7 (16.9) - - 118.6 
(87.6)

81.0 (66.4) 127.8 
(16.7)

113.3 
(18.9)

- - 41.6 
(7.5)

35.8 (7.9) 130.9 
(14.5)

124.2 
(14.1)

Takihata et al[20], 
2014

8 Variable 57.1 
(55.6)

43.1 
(48.8)

53.0 (25.4) 40.1 (19.3) 6.70 
(1.43)

6.38 
(1.49)

223.2 
(194.8)

153.2 
(80.6)

129.2 (8.3) 123.8 
(12.3)

12.3 
(10.9)

8.0 (7.3) 45.2 
(5.9)

41.0 (6.2) - -

Folini et al[24], 2014 40 - 25.9 
(10.31)

18.1 
(5.96)

27.8 
(27.57)

17.9 
(12.21)

6.5 
(1.17)

6.0 (0.74) - - 130.2 
(13.96)

118 
(13.01)

5.2 
(2.23)

2.3 (1.66) 43.8 
(6.62)

38.2 
(6.19)

- -

Ricci et al[26], 2008 65 - 31.5 
(19.33)

24.0 
(10.67)

31.0 
(16.05)

23.5 (12.6) - - - - - - 4.71 
(2.11)

3.10 
(2.79)

- - - -

Sekino et al[27], 2011 8 1000 74.2 
(49.67)

56.7 
(42.40)

57.00 
(23.11)

41.25 
(14.74)

6.30 
(1.15)

6.31 
(1.29)

251 (168.9) 163 (62.0) - - 6.74 
(1.27)

3.27 
(1.18)

- - - -

Tai et al[28], 2013 28 500 49 (45.25) 22 (23.25) - - - - 149.0 
(49.00)

88.5 
(39.75)

101.9 (8.9) 90.6 (9.3) - - 32.4 
(3.7)

28.5 (3.7) 136.8 
(14.30)

125.9 
(11.15)

IGB: Intragastric balloon; HbA1c: Glycated hemoglobin; ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase; HOMA-IR: Homeostatic model; BMI: Body mass index; SBP: Systolic blood pressure.

GGT (IU/L): Eight studies[20,21,23-27,29] with 479 patients were included in the 
outcome meta-analysis (Figure 4). The mean reduction in serum GGT levels was 9.41 
(95%CI: 6.94-11.88; P < 0.01) after 6 mo of IGB use.

Glycated hemoglobin (%): Six studies[20-24,27] with 150 patients analyzed the effect 
of the IGB on glycated hemoglobin (Figure 5). The mean reduction in serum glycated 
hemoglobin values was 0.17% (95%CI: 0.03-0.31; P = 0.02) after 6 mo of IGB placement.

Triglycerides (mg/dL): Six studies[20,21,23,27-29] with 282 patients analyzed the effect 
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Figure 1 PRISMA flow diagram.

Figure 2 Risk of bias assessment (risk of bias in non-randomized studies-of interventions).

of the IGB on serum triglyceride levels (Figure 6). The mean reduction in triglycerides 
was 38.58 (95%CI: 26.65-50.51; P < 0.01) after 6 mo of use of the balloon.

Systolic blood pressure (mmHg): Three studies[23,28,29] with 234 patients analyzed 
the effect of the IGB on blood pressure levels (Figure 7). After 6 mo of IGB placement, 
the mean reduction in systolic blood pressure was 7.27 (95%CI: 4.79-9.76; P < 0.01).

HOMA-IR: Five studies[20,23-25,27], with 161 patients, were included in the outcome 
meta-analysis. The mean reduction in HOMA-IR values was 2.23 (95%CI: 1.41-3.04; P < 
0.01) after 6 mo using the IGB (Figure 8).
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Figure 3 Forest plot of alanine aminotransferase and funnel plot without outlier. CI: Confidence interval; IGB: Intragastric balloon.

Figure 4 Forest plot of gamma-glutamyltransferase. CI: Confidence interval; IGB: Intragastric balloon.

Figure 5 Forest plot of glycated hemoglobin. CI: Confidence interval; IGB: Intragastric balloon.

Abdominal circumference (cm): Seven studies[20-24,28,29], with 336 patients 
(Figure 9), were included in the outcome meta-analysis. The mean reduction in 
abdominal circumference was 12.12 (95%CI: 9.82-14.41; P < 0.01) after 6 mo of IGB use.
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Figure 6 Forest plot of triglycerides. CI: Confidence interval; IGB: Intragastric balloon.

Figure 7 Forest plot of systolic blood pressure. CI: Confidence interval; IGB: Intragastric balloon.

Figure 8 Forest plot of homeostatic model assessment. CI: Confidence interval; IGB: Intragastric balloon.

Figure 9 Forest plot of waist circumference. CI: Confidence interval; IGB: Intragastric balloon.

BMI (kg/m2): Eight studies[20-25,28,29], with 456 patients, were included in the 
outcome meta-analysis (Figure 10). The mean reduction in BMI was 5.07 (95%CI: 4.21-
5.94; P < 0.01) after 6 mo of use of the IGB.

Liver volume (cm3): Two studies[20,27], with 16 patients, were included in the meta-
analysis of the outcome (Figure 11). The mean reduction in liver volume was 303 cm3 

(95%CI: -56.6-663.15; P = 0.1) after 6 mo of using the IGB but without statistical 
significance.
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Figure 10  Forest plot of body mass index. CI: Confidence interval; IGB: Intragastric balloon.

Figure 11  Forest plot of liver volume. CI: Confidence interval; IGB: Intragastric balloon.

Meta-regression
In the analysis by logistic meta-regression, there was no statistically significant 
correlation between the reduction in ALT and the reduction in BMI, with a P = 0.37. 
The graphical correlation between the outcomes is shown in Figure 12.

DISCUSSION
This is the first meta-analysis to assess the role of the IGB in the new definition of 
MAFLD. The IGB is an endoscopic bariatric and metabolic therapy for short-term 
management of obesity that has gained popularity due to its low rate of complications 
and reversibility[30]. Its mechanism of action is based on the occupation of space in the 
stomach causing a delay in gastric emptying, changes in gastric accommodation, 
neurohormonal effects, increased feelings of satiety and consequently a reduction in 
caloric intake[31]. A meta-analysis of randomized clinical trials published in 2020[13 
evidenced that the IGB placement provided a loss of 17.98% of excess weight 
compared to the control group, showing to be an effective technique for weight loss. 
However, its metabolic effects were not evaluated.

The inclusion criteria for MAFLD showed that factors such as obesity, type 2 
diabetes mellitus and metabolic disorders [increased waist circumference, increased 
blood pressure, lipidogram abnormalities, insulin resistance (IR) and increased C-
reactive protein] were isolated variables related to progression to the most severe 
forms of liver disease under histopathological analysis[32,33]. Therefore, the control of 
progression factors is of fundamental importance in the management of these patients.

In the analysis of the metabolic parameters obtained by our study, we found results 
that show that IGB placement improves glycated hemoglobin, triglycerides, systolic 
blood pressure, abdominal circumference and HOMA-IR parameters. The 
improvement in such outcomes reflects a positive effect of IGB on metabolic 
dysfunction parameters, which are inclusion criteria in the new MAFLD classification 
and nomenclature.

The main relationship between obesity, fatty liver and metabolic syndrome appears 
to be in IR. IR is associated with a decrease in circulating adiponectin, a hormone 
secreted by adipocytes, that triggers fatty acid oxidation in the liver, favoring the 
increase and accumulation of visceral fat[34]. According to Bazerbachi et al[22], IGB 
has a weight-dependent pathway and a weight-independent pathway justifying the 
improvement in both the metabolic and inflammatory profiles of liver disease. The 
first is related to an improvement of IR in peripheral organs. The second, in turn, is 
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Figure 12  Meta-regression and the correlation between alanine aminotransferase and body mass index. BMI: Body mass index.

linked to a downregulation in ghrelin and hunger control, a reduction of postprandial 
glycemia and an improvement of the action of Sirtuin 1[35]. In this sense, the 
improvement of IR, represented by the evaluation of HOMA-IR[36], a mathematical 
model that assesses IR and functional capacity of pancreatic beta cells, seems to have a 
fundamental role in the positive impact of IGB on MAFLD.

In the meta-regression correlating the reduction in BMI with the reduction in liver 
enzymes, no statistically significant relationship was found between the two variables, 
showing that the improvement in ALT levels was an independent outcome of weight 
loss after the use of the IGB.

As demonstrated in the results of our meta-analysis, there were a statistically 
significant reduction in ALT and GGT levels, inferring a significant positive response 
in the progression of MAFLD. Although the histological evaluation by percutaneous 
liver biopsy is the gold standard in the evaluation of the degree of steatosis and steato-
hepatitis and the presence of fibrosis, this still presents limitations regarding its 
availability and risk of adverse events (AEs). The main AEs range from transient 
hypotension and pain to more serious complications such as bleeding, pneumothorax 
and death. A case series of 847 patients described by Filingeri et al[37] reported an 
incidence of post-procedural bleeding of approximately 2.4%.

Considering the risk of AEs, the use of alternative methods to assess clinical 
evolution and improvement, such as biomarkers and certain imaging methods, is 
necessary. The use of liver enzymes as an indirect marker of liver steatosis is contro-
versial. Studies have shown that elevated liver enzymes can be used as a predictor of 
liver inflammation in obese individuals regardless of metabolic syndrome[38]. In 
patients undergoing bariatric surgery, the reduction in ALT and GGT is a predictor of 
improvement in lobular inflammation and liver fibrosis assessed in biopsies[39]. 
However, patients with advanced fibrosis may have normal transaminase levels[40].

Two of the studies found in our data search[10,22] demonstrated histopathological 
improvement in liver biopsies 6 mo after placement of IGB. Because they are studies 
with different designs, they could not be correlated in this meta-analysis. According to 
a randomized clinical trial[10] that included 18 patients, there was a statistically 
significant reduction in the nonalcoholic fatty liver disease Activity Score in the 
comparison between the use of IGB and sham procedure (decrease from score 5 to 2 
with P < 0.03). A similar endpoint was found in the uncontrolled study conducted by 
Bazerbachi et al[22], which included 21 patients demonstrating histological 
improvement through nonalcoholic fatty liver disease Activity Score (decrease from 
score 4 to 1 with P < 0.001), an improvement in liver fibrosis measured by nuclear 
magnetic resonance and a reduction in ALT levels after 6 mo of IGB use.

In the assessment of the impact of IGB on image parameters of hepatic steatosis, the 
studies analyzed did not show linearity in the assessment methods. Folini et al[24] 
found a positive correlation between the improvement in the fraction of liver fat, 
measured by magnetic resonance imaging, and a reduction in GGT, BMI and waist 
circumference 6 mo after IGB placement. Similar results were evidenced by Bazerbachi 
et al[22], which found a reduction in hepatic fibrosis, measured on nuclear magnetic 
resonance elastography, after IGB use. In the meta-analysis of liver volume by 
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computed tomography, assessed by two studies involving 16 patients, a reduction of 
330 cm3 was observed after 6 mo of IGB placement but without statistical significance.

Regarding adverse effects, five studies[21,25,27-29] evaluated reported some AEs. 
The main ones being nausea, vomiting and abdominal pain, which were mostly 
controlled with symptomatic medications. Only three studies[21,25,29] reported early 
balloon withdrawal due to refractory symptoms. No study reported deaths or serious 
AEs. In a meta-analysis[41] including 6101 patients, nausea/vomiting and abdominal 
pain in 23% and 19.9% of patients, respectively, was described. Serious complications 
such as perforation and death were reported in 0.1% and 0.05%, respectively[41].

This study has some limitations. The short follow-up time (the studied outcomes 
were analyzed 6 mo after the insertion of the IGB) and the heterogeneity of the 
patients included in the studies shows how obesity is a plural disease that makes long-
term results difficult to assess. Another limitation of our study corresponds to the 
indirect analysis of the improvement of hepatic steatosis employing liver enzymes, 
without a significant sample of histopathological analysis, considered as the gold 
standard as well as the existence of only one randomized controlled study on the 
subject. This showed the difficulty in including the biopsy in controlled studies due to 
its risks, costs and availability.

Because MAFLD is a disease with a high prevalence and complex pathophysiology 
that involves a multidisciplinary approach of the patients with dietary, pharmaco-
logical and often surgical interventions, the IGB should be considered as another tool 
in the therapy of this population. Its positive effects in the control of metabolic 
disorders, biomarkers of hepatic metabolism and histology of patients with MAFLD 
may play an important role in controlling this new worldwide epidemic.

CONCLUSION
The IGB showed significant efficacy in reducing liver enzymes in patients with 
MAFLD as well as improving metabolic parameters related to disease progression 
such as systolic blood pressure, triglycerides, HOMA-IR, waist circumference and 
glycated hemoglobin.

ARTICLE HIGHLIGHTS
Research background
Endoscopy has improved and has become the treatment of several diseases in recent 
decades. Bariatric endoscopy, through its various devices, helps in the treatment of 
obesity and its complications. Thus, the intragastric balloon (IGB) proves to be an 
effective and safe therapy for coping with this disease, and its indications have 
increased.

Research motivation
Metabolic dysfunction-associated fatty liver disease (MAFLD) corresponds to the 
accumulation of fat in the liver linked with metabolic dysregulation and has a high 
prevalence rate among the population. Unfortunately, no pharmacological therapy has 
yet shown efficacy in its treatment. In this sense, there is a need for new therapies to 
treat this new global epidemic.

Research objectives
We aimed to evaluate the effect of IGB in patients with MAFLD through the 
assessment of liver enzymes, imaging and metabolic markers in a systematic review of 
literature and meta-analysis.

Research methods
This systematic review was conducted according to the PRISMA guidelines and 
registered in PROSPERO international database. The search was performed in the 
electronic databases (MEDLINE, Embase, Cochrane, LILACS) and grey literature. The 
quality of evidence was assessed utilizing criteria from Grading Recommendations 
Assessment, Development, and Evaluation. The risk of bias was assessed by the Risk 
of Bias in Non-randomized Studies-of Interventions tool and the data were meta-
analyzed using the RevMan software (Review Manager Software version 5.4-Cochrane 
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Collaboration Copyright© 2020) using the inverse variance test.

Research results
Ten studies (non-randomized studies-of interventions) with 508 patients were meta-
analyzed from an initial search of 1674 articles. The outcomes analyzed before and 
after 6 mo of IGB removal were alanine aminotransferase (IU/L), gamma-glutamyl-
transferase (IU/L), glycated hemoglobin (%), triglycerides (mg/dL), systolic blood 
pressure (mmHg), homeostatic model assessment, abdominal circumference (cm), 
body mass index (kg/m2) and liver volume (cm3). After 6 mo of use, the IGB showed 
an improvement in alanine aminotransferase, gamma-glutamyltransferase, glycated 
hemoglobin, triglycerides, systolic blood pressure, homeostatic model assessment, 
abdominal circumference and body mass index. The liver volume analysis showed a 
non-statistically significant reduction.

Research conclusions
Our findings suggest that IGB had a significant improvement in liver enzymes (alanine 
aminotransferase and gamma-glutamyltransferase) in patients with MAFLD as well as 
improved metabolic biomarkers related to disease progression.

Research perspectives
Future studies should assess prolonged follow-up of patients after the intervention to 
analyze the long-term response to the improvements observed in the initial studies. A 
histological analysis using liver biopsies seems to be the best method of analyzing the 
effects of the IGB on the progression of MAFLD, and further studies should consider 
this method of evaluation.
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