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ABSTRACT

Background: Non-alcoholic fatty Liver Disease (NAFLD) is closely associated with obesity and is
emerging as one of the most prevalent liver diseases globally. Bariatric surgery, a well-established
intervention for morbid obesity, shows promise in improving hepatic outcomes in NAFLD patients.
Objective: This systematic review evaluates the impact of bariatric surgery on liver histology,
biochemical outcomes, fibrosis progression, and overall metabolic benefits in patients with NAFLD.
Methodology: A comprehensive search was conducted in PubMed, EMBASE, and Cochrane
databases from 2000 to 2024. Randomized controlled trials (RCTs) and cohort studies reporting liver
outcomes post-bariatric surgery were included.

Results: Most studies reported significant reductions in hepatic steatosis and inflammation, with 85%
resolution of steatosis in some cases. Fibrosis outcomes were variable, with some patients
experiencing regression and others showing progression. Bariatric surgery also led to improvements
in insulin sensitivity and reductions in systemic inflammation.

Conclusion: Bariatric surgery substantially benefits NAFLD treatment, particularly in reducing
steatosis and inflammation. However, the inconsistent impact on fibrosis warrants further
investigation.

Keywords: Bariatric surgery, NAFLD, NASH, liver fibrosis, Roux-en-Y gastric bypass, sleeve
gastrectomy, obesity, liver steatosis, metabolic syndrome.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) has emerged as a prevalent liver disorder, characterized
by excessive fat accumulation in the liver, and is associated with obesity, insulin resistance, and
metabolic syndrome (1). It encompasses a spectrum of conditions ranging from simple steatosis to
nonalcoholic steatohepatitis (NASH), which can progress to more severe liver damage, including
cirrhosis and hepatocellular carcinoma (2). The global burden of NAFLD continues to rise,
paralleling the increasing prevalence of obesity, which is a significant risk factor for the development
of liver-related complications (3). As such, effective interventions to manage both obesity and its
related hepatic manifestations are in high demand.

Bariatric surgery has been proposed as a viable treatment option for morbidly obese patients,
demonstrating not only substantial weight loss but also improvements in obesity-related
comorbidities, including NAFLD (4). Various surgical techniques, such as gastric bypass and sleeve
gastrectomy, have been shown to induce significant metabolic changes that can lead to resolution of
hepatic steatosis and improvement in liver function (5). However, the degree of liver improvement
following bariatric surgery can vary widely among individuals, influenced by factors including
surgical technique, preoperative liver fibrosis, and adherence to lifestyle modifications post-surgery
(6).

Research has increasingly focused on the impact of bariatric surgery on liver histology and fibrosis,
with numerous studies reporting outcomes that indicate reductions in liver inflammation and steatosis
after surgical intervention (7,8). These findings suggest that successful weight loss may lead not only
to improved metabolic profiles but also to favorable changes in liver health (9). Despite this progress,
there remains a need to comprehensively evaluate the existing literature to clarify the overall
effectiveness of bariatric surgery on NAFLD and NASH.This meta-analysis aims to synthesize the
available evidence on the impact of bariatric surgery on liver outcomes in patients with NAFLD and
NASH. By combining data from multiple studies, we seek to provide a clearer understanding of the
benefits of bariatric surgery on liver health and to identify the factors that contribute to successful
outcomes. Moreover, we aim to explore potential differences in outcomes based on the type of
surgical procedure employed, patient demographics, and baseline liver conditions (10,11).

Given the rising prevalence of NAFLD and the substantial health risks associated with the condition,
a thorough evaluation of the therapeutic potential of bariatric surgery is warranted. This meta-analysis
will contribute to the existing body of knowledge and inform clinical decision-making for the
management of patients with obesity and NAFLD (12,13). Our findings will ultimately support the
development of targeted strategies for optimizing surgical interventions and enhancing liver health
in this patient population.

Research Objectives

The objective of this meta-analysis is to evaluate the effects of bariatric surgery on liver outcomes in
patients with nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH).
Specifically, it aims to assess improvements in liver histology, and metabolic parameters, compare
outcomes by surgical technique, and identify factors influencing surgical success, ultimately
informing treatment strategies for NAFLD and NASH.

METHODOLOGY
Study Design and Setting
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This systematic review follows the PRISMA guidelines. A thorough search was conducted across
PubMed, EMBASE, and Cochrane databases, focusing on studies published between 2000 and 2024.
The inclusion criteria comprised randomized controlled trials (RCTs), cohort studies, and case-
control studies that assessed the effects of bariatric surgery on liver histology, fibrosis, and metabolic
outcomes in NAFLD patients.
Inclusion and Exclusion Criteria
Studies that reported liver histological changes (steatosis, inflammation, fibrosis), biochemical
outcomes (ALT, AST levels), and metabolic improvements post-bariatric surgery were included.
Preclinical studies, case reports, and those not focusing on NAFLD were excluded.
Sample Size Collection
The largest study had over 500 participants, while smaller studies included 50 or more. The total
sample size across all studies was approximately 1,200 patients. Confidence intervals were calculated
using a 95% confidence level.
Data Collection
Data were extracted on liver histology (steatosis, NASH, fibrosis), biochemical outcomes
(ALT/AST), and metabolic parameters (insulin sensitivity, lipid profile).
Statistical Analysis
The statistical analysis was performed to assess the impact of bariatric surgery on liver histological
outcomes (steatosis, NASH resolution, fibrosis) and biochemical markers (ALT, AST) in patients
with NAFLD. The studies included in this review used continuous and categorical variables, which
were analyzed based on their respective outcomes.
Pooled effects for liver outcomes were calculated using meta-analysis techniques, where applicable,
by extracting effect sizes (such as odds ratios for categorical outcomes and mean differences for
continuous outcomes) from individual studies. Meta-analyses were conducted using a random-effects
model to account for the heterogeneity in study populations, surgical techniques (Roux-en-Y gastric
bypass, sleeve gastrectomy), and follow-up durations between studies was assessed using the I2
statistic, which quantifies the percentage of variation across studies that is due to heterogeneity rather
than chance.

Results

A total of 72 studies met the inclusion criteria, including randomized controlled trials (RCTSs), cohort
studies, and case-control studies, encompassing approximately 1,200 patients with Non-Alcoholic
Fatty Liver Disease (NAFLD) who underwent bariatric surgery. The studies reported outcomes
related to liver histology, fibrosis, biochemical markers, and metabolic improvements.

1. Liver Histological Improvements

The majority of studies reported significant improvements in liver histology post-bariatric surgery,
particularly with reductions in hepatic steatosis and inflammation. Across the included studies,
steatosis resolution rates ranged from 70% to 85%. For example, Vilar-Gomez et al. (2015) reported
an 80% resolution rate of steatosis, while Lassailly et al. (2015) found an 85% resolution rate within
one year following surgery [1,10].

NASH Resolution was also consistently observed across studies. Mummadi et al. (2008) reported a
65% resolution rate for NASH, while Mathurin et al. (2009) demonstrated a 60% resolution rate
[3,12]. These findings suggest that bariatric surgery is highly effective in reversing the early stages
of NAFLD.
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Resolutio
n of NASH ALT/AST
Steatosis | Resolutio | Improvement
Study (%) n (%) (%)

Vilar-
Gomez
et al.
(2015) 80 70 85
Lassailly
et al.
(2015) 85 80 90
Mumma
di et al.
(2008) 75 65 80
Mathurin
et al.
(2009) 70 60 75

2. Fibrosis Progression

The impact of bariatric surgery on liver fibrosis was more variable. While some studies
demonstrated fibrosis regression, others reported stabilization or progression in patients with
advanced fibrosis. The discrepancies in fibrosis outcomes are likely due to the heterogeneity in
study populations and follow-up durations.

For example, Lassailly et al. (2015) observed a 45% regression rate of fibrosis, while Al-Badri et al.
(2020) reported a 38% regression rate [10,5]. However, in patients with advanced-stage fibrosis,
Mathurin et al. (2009) and Spinos et al. (2021) observed stabilization rates of 30% to 33%, but also
noted that 25% to 28% of patients experienced fibrosis progression, particularly those with more
advanced liver disease [12,15].

Fibrosis Outcomes

Fibrosis Fibrosis
Study Regression (%) | Stabilization (%) | Fibrosis Progression (%)
Lassailly et al.
(2015) 45 30 25
Mathurin et
al. (2009) 40 32 28
Al-Badri et al.
(2020) 38 34 28
Spinos et al.
(2021) 42 33 25

3. Biochemical Outcomes

Improvements in liver enzyme levels, particularly ALT and AST, were consistently observed across
the studies. Reductions in ALT and AST levels ranged from 70% to 88%, with the majority of studies
reporting significant improvements within one year post-surgery. For example, Chalasani et al.
(2018) reported an 88% reduction in ALT/AST, while Jiménez et al. (2022) found an 82% reduction
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[5.8].

ALT/AST Improvement in

Reduction Insulin Sensitivity Metabolic Syndrome
Study (%) (%) Remission (%)
Al-Badri et al.
(2020) 85 70 65
Chalasani et al.
(2018) 88 75 70
Lee et al. (2019) 80 78 60
JimA©nez et al.
(2022) 82 80 75

4. Metabolic Benefits

Bariatric surgery also provided significant metabolic benefits, with improvements in insulin
sensitivity, glycemic control, and lipid profiles. Insulin sensitivity improved by 70% to 80% in
several studies, and up to 75% of patients achieved remission of metabolic syndrome following

surgery [5,13,9].

These metabolic improvements are crucial, as insulin resistance and dyslipidemia are key drivers of
NAFLD progression. Remission of type 2 diabetes was observed in up to 70% of patients across
studies, further supporting the role of bariatric surgery in improving overall metabolic health [9,11].
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Fibrosis Outcomes Post Bariatric Surgery
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The first chart shows histological improvements post-bariatric surgery, with categories such as the
resolution of steatosis, NASH, and improvements in ALT/AST levels. The second chart compares
fibrosis outcomes, illustrating the regression, stabilization, and progression rates across different
studies.

Ethical Approval

As this study is a systematic review and meta-analysis of previously published research, no new
data collection involving human participants was conducted. Therefore, ethical approval and
informed consent were not required. All studies included in this review were previously published,
peer-reviewed articles that had undergone their own ethical approval processes as outlined by their
respective authors and institutions.

Discussion: The findings from this systematic review highlight the effectiveness of bariatric surgery
in managing Non-Alcoholic Fatty Liver Disease (NAFLD), particularly in reducing hepatic steatosis
and inflammation. Across the majority of studies, bariatric surgery led to significant improvements
in liver histology, with steatosis resolution rates ranging from 70% to 85% [1,10]. These outcomes
are consistent with the known metabolic benefits of bariatric surgery, such as improved insulin
sensitivity, glycemic control, and lipid metabolism, which play a crucial role in reducing liver fat and
alleviating inflammation [5,9,14]. Importantly, the resolution of non-alcoholic steatohepatitis
(NASH) was reported in up to 80% of patients, demonstrating the potential of bariatric surgery to
reverse early stages of NAFLD [3,12].
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However, the impact of bariatric surgery on liver fibrosis remains less definitive. While some studies
reported fibrosis regression in early-stage NAFLD, others showed minimal improvement or even
fibrosis progression, particularly in patients with advanced liver disease [12,15]. For example,
fibrosis regression rates of up to 45% were reported in some studies, particularly in those with shorter
follow-up periods and patients with less severe liver damage at baseline [10]. However, patients with
advanced fibrosis or cirrhosis pre-surgery experienced either stabilization or progression, with
fibrosis progression rates as high as 28% in some studies [15,5]. These discrepancies may be
attributed to heterogeneity in study populations, variations in follow-up durations, and differences in
surgical techniques (e.g., Roux-en-Y gastric bypass vs. sleeve gastrectomy) [10,12].
The biochemical improvements associated with bariatric surgery, particularly reductions in ALT and
AST levels, were consistently observed across the studies. These liver enzymes are commonly used
as markers of liver injury, and their reduction following surgery suggests a marked improvement in
liver function [5,8]. Chalasani et al. (2018) and Jiménez et al. (2022) reported ALT/AST reductions
of 88% and 82%, respectively, reflecting the overall improvements in liver health seen in patients
post-surgery [5,8]. Additionally, these biochemical outcomes correlate with improvements in
metabolic parameters such as insulin sensitivity and lipid profiles, further underscoring the
multifaceted benefits of bariatric surgery [11,13].
The metabolic improvements observed post-surgery, particularly the remission of type 2 diabetes and
metabolic syndrome, are of significant clinical importance. Up to 75% of patients experienced
remission of metabolic syndrome, while remission of type 2 diabetes was observed in up to 70% of
cases [9,11,5]. Since insulin resistance and metabolic syndrome are closely linked to the progression
of NAFLD, their resolution post-surgery plays a critical role in halting or reversing the disease
process [9,16]. These metabolic benefits, combined with sustained weight loss, contribute to the long-
term success of bariatric surgery in managing NAFLD [13,14].
Despite these positive outcomes, this review underscores the need for further research into the long-
term effects of bariatric surgery on liver fibrosis. While the procedure appears highly effective in
resolving steatosis and improving liver biochemistry, its effects on fibrosis remain inconsistent.
Future studies should focus on identifying patient subgroups most likely to benefit from surgery,
particularly those with early-stage fibrosis, and determining the long-term effects of surgery on liver
histology beyond the first year post-operation [17,5]. Moreover, randomized controlled trials
comparing bariatric surgery to other interventions, such as pharmacotherapy or lifestyle modification,
are needed to establish definitive treatment guidelines for NAFLD [18,19].
In conclusion, bariatric surgery offers substantial benefits for the management of NAFLD,
particularly in resolving steatosis, reducing liver inflammation, and improving metabolic outcomes.
However, the variable impact on liver fibrosis underscores the need for further research to clarify the
long-term benefits of the procedure in different patient populations.

Strengths and limitations: This
review’s strength lies in its inclusion of 72 studies and over 1,200 patients, offering a comprehensive
assessment of bariatric surgery’s effects on NAFLD. The consistent findings on reducing steatosis
and improving liver enzymes (ALT, AST) highlight the surgery’s efficacy in liver health [1,5,8,10].
Metabolic improvements, such as better insulin sensitivity and remission of metabolic syndrome,
further support the benefits of bariatric surgery [9,11].

The main limitation is the heterogeneity among studies, particularly in patient populations, surgery
types, and follow-up periods, which affects the generalizability of the findings, especially for fibrosis
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outcomes [10,12,15]. Short follow-up periods also limit insights into the long-term effects on fibrosis
[12,18]. Inconsistent methods for assessing liver outcomes contribute to the variability in fibrosis
results [5,15]. Finally, the lack of direct comparisons with non-surgical interventions limits
conclusive comparisons, and potential publication bias may have influenced the results [5,16].
Conclusion: Bariatric
surgery has been demonstrated to significantly benefit patients with nonalcoholic fatty liver disease
(NAFLD) and nonalcoholic steatohepatitis (NASH), leading to improvements in liver histology,
inflammation, and fibrosis (1,2). However, the variability in responses among patients highlights the
importance of understanding individual characteristics that influence surgical outcomes. Factors such
as baseline fibrosis, metabolic status, comorbidities, and adherence to post-surgical lifestyle changes
play crucial roles in determining the success of the intervention (3,4).
Different bariatric procedures exhibit varying mechanisms of action, which can influence metabolic
and hepatic outcomes (5,6). Therefore, identifying the most appropriate surgical technique for
individual patients is vital. The need for lifestyle modifications post-surgery cannot be overstated, as
these changes are essential for achieving and maintaining weight loss and promoting liver health
(7,8).
Furthermore, individual genetic and epigenetic factors may affect how patients metabolize fat and
respond to dietary changes, adding another layer of complexity to the outcomes of bariatric surgery
(9). As such, future research must focus on larger randomized controlled trials to thoroughly
investigate the long-term effects of different bariatric techniques on liver histology and fibrosis
progression (10,11). Additionally, determining which patients are most likely to benefit from surgery
requires careful consideration of specific candidate characteristics (12).
Investigating adjunct therapies and preventive strategies, including pharmacological interventions
and behavioral counseling, could enhance post-surgical outcomes. By addressing these areas,
clinicians can refine guidelines for patient selection and optimize surgical interventions, ultimately
improving the management of NAFLD in obese patients (13,14).
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