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Abstract

Background: Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD) and Metabolic Dysfunction-Associated Steatohepatitis
(MASH) are closely linked to obesity, insulin resistance, metabolic syndrome, and Type 2 Diabetes Mellitus (T2DM), all of which contribute to
fibrosis progression and liver-related complications.

Objective: To systematically review the association of metabolic syndrome and T2DM with progression of MASLD/MASH to advanced fibrosis
and cirrhosis, and to evaluate the effects of metabolic pharmacotherapies on hepatic and clinical outcomes.

Methods: This systematic review was registered in PROSPERO (CRD420261322056) and conducted according to PRISMA 2020 guidelines.
PubMed/MEDLINE, Embase, and Cochrane Library were searched for studies published between January 2016 and September 2025.
Randomized controlled trials and prospective controlled studies involving adults with MASLD/MASH, liver fibrosis, or cirrhosis associated
with metabolic syndrome and/or T2DM were included. Risk of bias was assessed using RoB 2.0 and certainty of evidence was evaluated using
GRADE.

Results: Twenty-six studies were included in the qualitative synthesis. Metabolic dysfunction and insulin resistance were consistently associated
with worsening liver disease severity. GLP-1 receptor agonists, dual incretin agonists, and SGLT2 inhibitors were associated with reductions
in hepatic steatosis, improvements in liver enzyme levels, better glycemic control, and weight loss. Resolution of MASH and improvement in
fibrosis were reported mainly with semaglutide, liraglutide, tirzepatide, and pegozafermin, although evidence for advanced fibrosis regression
remained limited and heterogeneous. Lifestyle interventions and sustained weight loss also showed clinically relevant histological benefits.
However, evidence for long-term outcomes, including prevention of cirrhosis, hepatocellular carcinoma, hepatic decompensation, and liver-
related mortality, remains insufficient.

Conclusion: Metabolic syndrome and T2DM play a central role in the progression of MASLD/MASH toward advanced fibrosis and cirrhosis.
Pharmacological strategies targeting metabolic dysfunction, particularly GLP-1 receptor agonists, dual incretin agonists, and SGLT2 inhibitors;
appear promising for improving hepatic and metabolic surrogate outcomes, but robust evidence for long-term cirrhosis-related clinical
benefit is still lacking.

Keywords: MASLD/MASH, Type 2 diabetes mellitus, Metabolic syndrome, Liver fibrosis, Cirrhosis, GLP-1 receptor agonists, SGLT2 inhibitors,
Fibrosis progression
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Introduction

Metabolic Dysfunction-Associated Steatotic Liver Disease
(MASLD), including its inflammatory subtype known as
Metabolic Dysfunction-Associated Steatohepatitis (MASH),
currently represents one of the fastest-growing causes of
chronicliverdisease,advancedfibrosis,and cirrhosis worldwide
[1-3]. Over the past several decades, the rising prevalence of
obesity, metabolic syndrome, and Type 2 Diabetes Mellitus
(T2DM) has substantially altered the epidemiological profile
of chronic liver diseases, making metabolic abnormalities
key drivers of liver injury progression [3,4]. It is estimated
that approximately 20% of patients with MASH progress to
advanced fibrosis over the natural history of the disease [5],
highlighting the clinical magnitude and progressive impact of
this condition on healthcare systems.

In this context, the interplay between metabolic syndrome,
insulin resistance, and chronic low-grade inflammation
plays a decisive role in the progression of hepatic steatosis
to advanced fibrosis and cirrhosis [6,7]. Furthermore, insulin
resistance increases hepatic lipotoxicity, oxidative stress, and
activation of pro-inflammatory and profibrotic pathways,
thereby promoting progressive liver remodeling and worse
clinical outcomes [7,8]. Concurrently, T2DM has been
consistently linked to a higher risk of fibrosis progression,
hepatic decompensation, hepatocellular carcinoma, and
liver-related mortality [3,4]. Even in studies whose primary
endpoints did notinclude progression to cirrhosis, a consistent
association was observed between metabolic disorders,
hepatic fat accumulation, and worsening liver disease [1,5].

Given this close pathophysiological relationship, therapeutic
interventions aimed at metabolic control have attracted
increasing interest as potential strategies to slow the
progression of liver fibrosis. Recent evidence indicates that
approaches capable of reducing insulin resistance, visceral
adiposity, and systemic inflammation can improve liver
histology and decrease inflammatory activity [5,9,10]. In this
setting, several drug classes used in the management of T2DM
and metabolic syndrome have been widely investigated for
their hepatic effects, including metformin, pioglitazone, GLP-
1 receptor agonists, SGLT2 inhibitors, DPP-4 inhibitors, and
statins [1-3,11-16].

Among these therapies, incretin-based agents have shown
particularly promising results. Recent studies have reported
significant improvements in hepatic steatosis, reductions in
intrahepatic lipid content, and higher rates of MASH resolution
without worsening fibrosis [1-3]. Similarly, SGLT2 inhibitors
have demonstrated relevant benefits regarding metabolic
parameters, liver enzyme levels, and hepatic fat content [12-
14]. Other metabolic therapies, including pioglitazone, statins,
and lipid-modifying agents, have also been associated with
improvements in liver and metabolic markers [15,17,18].

However, despite advances in reducing steatosis and
hepatic inflammation, robust evidence regarding the impact
of these interventions on long-term clinical outcomes, such
as regression of advanced fibrosis, prevention of cirrhosis,
hepatocellular carcinoma, and liver-related mortality, remains
limited [1,3,19]. Additionally, the available literature exhibits
considerable  methodological heterogeneity, including
differences in study populations, diagnostic criteria, follow-
up duration, pharmacological interventions, and outcomes
assessed. Although several recent clinical trials have expanded
knowledge regarding metabolic therapies for MASLD/MASH
[1-3,19], a definitive consensus has not yet been reached on
the magnitude of benefit these strategies provide for fibrosis
progression and cirrhosis development.

Therefore, a critical and systematic synthesis of current
evidence is required to integrate key clinical and therapeutic
findings related to the interaction between metabolic
dysfunction and progression of chronic liver disease.
Accordingly, this systematic review aims to analyze the
influence of metabolic syndrome, type 2 diabetes mellitus,
and major metabolic pharmacological therapies on the
progression of fibrosis and liver cirrhosis in patients with
MASLD/MASH, while discussing their potential impacts on
liver-related, metabolic, and prognostic outcomes.

Methods
Study design and search strategy

This is a systematic literature review conducted in accordance
with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA 2020) guidelines. The review protocol
was registered in advance with the International Prospective
Register of Systematic Reviews (PROSPERO) under registration
number CRD420261322056.

This work was structured around two core axes of interest:

« Metabolic dysfunction as a driver of disease progression:
to evaluate how metabolic syndrome and type 2 diabetes
mellitus influence the progression of MASLD/MASH
toward advanced fibrosis and cirrhosis;

« Metabolic pharmacotherapies as potential modifiers of
liver outcomes: to assess the effects of pharmacological
interventions used for metabolic control on liver-related
clinical and histological outcomes.

Literature searches were performed across the PubMed/
MEDLINE, Embase, and Cochrane Library databases, covering
studies published from January 2016 through September
2025, which represents the date of the final search. The search
strategy was adapted to the specific syntax and indexing
requirements of each database to ensure optimal sensitivity
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and specificity. The complete, detailed search strategy for
each platform is provided as Supplementary Material. In
addition, manual searches were conducted in the reference
lists of all included studies and relevant systematic reviews to
identify potentially relevant articles not retrieved by the initial
electronic search.

The search strategy was as follows:

(“Liver Cirrhosis” OR“Chronic Liver Disease” OR “Liver Fibrosis”
OR”MASLD” OR“MASH” OR“Nonalcoholic Fatty Liver Disease”)

AND

(“Metabolic Syndrome” OR “Type 2 Diabetes Mellitus” OR
“Obesity” OR “Insulin Resistance”)

AND

(Metformin OR Pioglitazone OR “GLP-1 Receptor Agonists”
OR Liraglutide OR Semaglutide OR Tirzepatide OR “SGLT2
Inhibitors” OR Empagliflozin OR Dapagliflozin OR Statins)

AND

(“Fibrosis” OR “Cirrhosis” OR “Disease Progression” OR
“Mortality” OR “Hepatocellular Carcinoma”)

Eligibility criteria
Studies were included if they met all of the following criteria:
« Randomized controlled trials;
« Prospective controlled studies;
« Studies conducted in human adults (aged >18 years);

- Patients diagnosed with MASLD/MASH, chronic liver
disease, liver fibrosis, or cirrhosis;

- Presence of metabolic syndrome and/or type 2 diabetes
mellitus;

« Evaluation of metabolic pharmacological therapies,
including metformin, pioglitazone, GLP-1 receptor
agonists, SGLT2 inhibitors, DPP-4 inhibitors, statins, and
related agents;

- Reporting of atleast onerelevantliver-related or metabolic
outcome, including fibrosis progression, MASH resolution,
progression to cirrhosis, hepatic decompensation,
hepatocellular carcinoma, mortality, histological changes,
liver enzyme levels, or hepatic fat content.

Studies were excluded based on the following criteria:
- Retrospective observational studies;

- Cross-sectional studies;

- Case reports or case series;

- Narrative reviews, systematic reviews, and meta-analyses;
« Experimental studies in animals;

« Articles without full text available;

- Studies lacking relevant clinical or liver-related outcomes;
« Duplicate publications.

No restrictions were applied regarding the country of
origin of the studies. Only articles published in English were
included.

Study selection

Study selection was performed independently by two
reviewers in two stages. First, titles and abstracts retrieved
from the databases were screened. Subsequently, potentially
eligible studies underwent full-text review to assess inclusion
and exclusion criteria. Disagreements between reviewers were
resolved by consensus, and when necessary, a third reviewer
was consulted. The study selection process was described
using a flow diagram following PRISMA 2020 guidelines.

Data extraction

Data extraction was performed independently by two
reviewers using a standardized form developed in advance.
The following information was collected:

- Author names;

- Year of publication;

- Country of origin;

« Study design;

- Population characteristics;

- Sample size;

- Age and sex of participants;

« Metabolic comorbidities assessed;

« Pharmacological intervention used;
« Duration of follow-up;

« Liver-related and metabolic outcomes analyzed;
- Key clinical and laboratory findings.

Following extraction, data were reviewed and compared
between evaluators to minimize inconsistencies and reduce
the risk of extraction bias.
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Identification

Inclusion

Identification of new studies via databases and registers

l

-

l

Screening

Automated screzning tools were used sxclusivaly for praliminary exclusion of clearly
inaligible records based on predafined filters, including duplicate detection, non-
human studies, non-English publications, and absence of liver-ralated outcomas

Figure 1. Flow diagram of study selection for the systematic review, constructed according to PRISMA 2020 recommendations.

Risk of bias assessment

Risk of bias in included randomized controlled trials was
evaluated using the Revised Cochrane Risk-of-Bias Tool for
Randomized Trials (RoB 2.0).

The RoB 2.0 tool assesses five domains:
« Randomization process;
« Deviations from intended interventions;
« Missing outcome data;
« Outcome measurement;
« Selection of reported results.
Each domain was classified as:
- Low risk of bias;
« Some concerns;

« High risk of bias.

An overall risk-of-bias judgment was determined according

to the tool's guidelines. Assessment was performed
independently by two reviewers, with any disagreements
resolved by consensus.

Data synthesis and analysis

A qualitative synthesis of included studies was performed,
considering methodological characteristics, pharmacological
interventions, and key liver-related and metabolic outcomes.

Studies were grouped according to the therapeutic class
evaluated:

+ GLP-1 receptor agonists;
« Dual incretin agonists;

SGLT2 inhibitors;

- DPP-4 inhibitors;

Insulin sensitizers;

- Statins and lipid-modifying agents.
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Table 1. Risk-of-bias assessment of randomized controlled trials using the Revised Cochrane Risk-of-Bias Tool for Randomized Trials (RoB 2.0).

RoB 2.0 - Risk-of-bias assessment

Study Randomization Deviations from Missing data Outcome Selective Overall risk
intervention measurement reporting

Loomba 2024 [1] Low Some concerns Low Low Low Some concerns
Harrison 2025 [21] High High Low Low Low High

Feng 2019 [10] High High Low Low Low High
Mohamed 2024 [20] Low Low Low Low Low Low

Yan 2019 [15] High Some concerns Low Low Low High

Bril 2017 [16] Low High High Some concerns High High

Wang 2024 [14] Some concerns  High High Some concerns Some concerns  High

Masaeli 2025 [25] Some concerns  High Low Low Some concerns  High

Takeda 2025 [26] Low Some concerns Low Some concerns Some concerns  Some concerns
Shojaei 2025 [11] Some concerns  High High Some concerns  Some concerns  High

Fukada 2025 [13] Low Low Low Low Low Low

Hirata 2013 [17] Some concerns  High Low Some concerns Some concerns  High

Pose 2025 [19] Low Low Low Low Low Low

Caussy 2025 [22] Low Low Low Low High Some concerns
Loomba 2023 [3] Low Low Low Low Low Low

Borisov 2023 [23] Low Low Low Low Some concerns  Some concerns
Abdul-Ghani 2025 [8] Low Low Low Low Low Low
McPherson 2017 [7] Low Low Low Low Low Low
Koutoukidis 2025 [24] Some concerns ~ Some concerns Low Low Low Low

Nilghaz 2025 [9] Low Low Some concerns  Low Low Some concerns
Younis 2025 [18] Some concerns  Low Some concerns  Low Low Some concerns
Vilar-Gomez 2015 [4]  Low Low Low Low Low Low

Loomba 2023 [2] Low Low Some concerns  Low Low Some concerns
Smits 2016 [12] Some concerns  Low Some concerns  Low Low Some concerns
Smid 2022 [6] Low Low Some concerns  Low Low Some concerns
Gastaldelli 2024 [27] Low Low Low Low Low Low

Due to the methodological heterogeneity of the included

studies, particularly regarding outcomes assessed, diagnostic

methodes,

follow-up  duration,
interventions, a structured narrative synthesis was chosen,

and

and no quantitative meta-analysis was performed.

Quality of evidence assessment

pharmacological

 Imprecision;

« Publication bias.

- Indirectness of evidence;

Evidence quality was classified as:

- High;

The overall quality of evidence was rated using the Grading of

Recommendations Assessment, Development and Evaluation

(GRADE) system, considering the following criteria:

- Risk of bias;

+ Inconsistency;

« Low;

- Moderate;

« Very low.
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Table 2. Summary of evidence quality, risk of bias, and consistency of findings regarding liver-related and metabolic outcomes.

Outcome N° Study Design Risk of Bias Inconsistency Indirectness Imprecision Publication Certainty of
Studies Bias Evidence
Resolution of MASH 8 Randomized Some Low Low Moderate Undetected Moderate
without worsening controlled trials concerns
fibrosis
Improvement in liver 11 Randomized Some Moderate Low Moderate Undetected Moderate
fibrosis stage controlled trials concerns
Reduction in hepatic 18 Randomized Low Low Low Low Undetected High
steatosis controlled trials
Improvement in liver 20 Randomized Low Moderate Low Low Undetected Moderate
enzymes (ALT/AST) controlled trials
Reduction in hepatic 9 Randomized Low Low Low Low Undetected High
fat by MRI-PDFF controlled trials
Reduction in risk 4 Randomized Serious Serious Serious Serious Undetected Low
of progression to controlled trials
cirrhosis
Prevention of 2 Randomized + Serious Serious Serious Serious Undetected Very low
hepatocellular Observational
carcinoma evidence
Reduction in liver- 3 Randomized+ Serious Serious Serious Serious Undetected Very low
related mortality Observational
evidence
Improvement 22 Randomized Low Low Low Low Undetected High
in metabolic controlled trials
parameters (HbA1c/
HOMA-IR/ weight
loss)
Hepatic safety of 26 Randomized Some Low Low Moderate Undetected Moderate
therapies controlled trials concerns
Reduction in 15 Randomized Some Moderate Low Moderate Undetected Moderate
inflammatory controlled trials concerns
markers and lipid
profile
Prevention of 7 Randomized Some Moderate Moderate Serious Undetected Low
advanced fibrosis controlled concerns
progression trials+ post-

hoc analyses

This

approach enabled

critical

interpretation of

articles were selected for full-text review, of which 82 were

methodological robustness and clinical reliability of the
outcomes analyzed.

Results

The bibliographic search identified 6,241 records across the
selected databases: 6,184 from PubMed/MEDLINE, 52 from
Embase, and 5 from the Cochrane Library. After removing
1,265 duplicate records and excluding ineligible studies using
automated tools and predefined thematic criteria, 1,523 studies
remained for title and abstract screening. Of these, 1,415 were
excluded for not meeting eligibility criteria. A total of 108

subsequently excluded due to methodological inadequacy,
absence of relevant liver-related outcomes, or insufficient
follow-up duration. Ultimately, 26 studies were included in the
qualitative synthesis of this systematic review (Figure 1).

The included studies were predominantly multicenter
randomized controlled trials conducted across different
regions of the world, including North America, Europe, Asia,
and the Middle East [1-3,12,14]. Study populations consisted
mainly of patients with MASLD/MASH associated with
metabolic syndrome and T2DM, frequently presenting obesity,
insulin resistance, and liver fibrosis at various stages. Sample
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Table 3. Summary of clinical studies evaluating pharmacological and lifestyle interventions for MASH/MASLD and their main liver-related

outcomes.

Drug class

Study & Reference number Main outcomes evaluated

Key findings

GLP-1/GIP agonist

Dual GLP-1/GCGR agonist

GLP-1 agonist

DPP-4 inhibitor

GLP-1 + DPP-4 + insulin

Statins

Metformin + Ezetimibe

Statin

Selective fibrate (PPAR-a)

SGLT2 inhibitor

SGLT2 inhibitor

Angiotensin Receptor
Blocker (ARB)

Lifestyle modification

Statin + Rifaximin

GLP-1/GIP agonist

GLP-1 receptor agonist

SGLT2 inhibitor

Analog of FGF21

Intensive calorie restriction Koutoukidis 2025 [24]

Loomba 2024 [1]

Harrison 2025 [21]

Feng 2019 [10]

Mohamed 2024 [20]

Yan 2019 [15]

Bril 2017 [16]

Masaeli 2025 [25]

Wang 2024 [14]

Takeda 2025 [26]

Shojaei 2025 [11]

Fukada 2025 [13]

Hirata 2013 [17]

Vilar-Gomez 2015 [4]

Pose 2025 [19]

Caussy 2025 [22]

Loomba 2023 [3]

Borisov 2023 [23]

Loomba 2023 [2]

MASH resolution, fibrosis

improvement

Hepatic fat fraction, ALT levels

ALT, AST, body fat distribution

Hepatic steatosis, glycemic

control, liver enzymes

Intrahepatic lipid content,

body weight

Liver safety, fibrosis,
transaminases

Gene expression of PPAR-y
and adiponectin, lipid profile

Liver enzymes, steatosis, lipid

profile

Liver Fat Index (FLI) and lipid

markers

Liver steatosis by MRI/USG,
ALT/AST, HbA1c and HOMA-IR

ALT/AST, FibroScan and lipid

profile

ALT, AST, GGT, HOMA-IR,
adiponectin and liver fat

Liver histology

Hepatic decompensation,
mortality, complications

MASH resolution and

improvement of fibrosis

Improvement of fibrosis and
metabolic parameters

Incidence of MAFLD and
progression of fibrosis

NASH resolution and

improvement of fibrosis

Fibro-inflammation and liver

stiffness

Tirzepatide significantly increased MASH
resolution without worsening fibrosis stage

Pemvidutide reduced liver fat by up to 68%
and normalized ALT levels

Liraglutide reduced visceral fat, liver enzymes
and insulin resistance compared with
glibenclamide

Vildagliptin improved hepatic steatosis and
glycemic control moderately, with no clear
benefit on fibrosis

Combined therapy reduced liver fat more
effectively than single-agent treatment

Statins were safe in patients with MASLD/
MASH; Did not worsen liver function or fibrosis

The combination of metformin and ezetimibe
increased the expression of PPAR-y and
reduced triglycerides more than metformin
alone

Rosuvastatin was safe and reduced liver fat
and transaminase levels in moderate-to-severe
MASLD

Pemafibrate was superior to omega-3 in
reducing the liver fat index and improving the
lipid profile in patients with dyslipidemia

Empagliflozin significantly reduced liver fat,
ALT and HbA1c¢, in addition to improving
insulin resistance after 6 months

Dapagliflozin promoted a significant reduction
in liver enzymes and improved liver stiffness
and steatosis

Telmisartan reduced liver enzymes and
improved insulin resistance

Weight loss >10% was the main predictor
of improvement in fibrosis and resolution of
steatohepatitis

There was no significant benefit in mortality in
patients with advanced cirrhosis

Tirzepatide promoted MASH resolution by up
t0 62%

Semaglutide reduced liver fat and weight, but
without significant improvement in fibrosis

Canagliflozin reduced the risk of MAFLD and
advanced fibrosis

Pegzafcrmin improved fibrosis and reduced
liver fat

Significant reduction of liver fat and fibro-
inflammation
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Drug class

Study & Reference number Main outcomes evaluated

Key findings

BRA McPherson 2017 [7]

fibrosis

Triple antidiabetic therapy = Abdul-Ghani 2025 [8]

Fibrate Younis 2025 [18]

fibrosis
DASH Diet + TRF

GLP-1 agonist + DPP-4
inhibitor

Nilghaz 2025 [9]
Smits 2016 [12]

Omega-3 polyunsaturated  Smid 2022 [6]

fatty acids

Insulin sensitizer Gastaldelli 2024 [27]

(Pioglitazone) fibrosis

Alteration of the stage of

Liver fat content and HbA1c

Safety profile, liver enzymes,

CAP, ALT/AST, HOMA-IR

Liver fat and liver stiffness

GGT, liver fat and stiffness

Insulin resistance, steatosis,

Losartan did not demonstrate significant
antifibrotic efficacy

Triple therapy reduced liver fat more than
sequential therapy

Fenofibrate showed good hepatic safety and
improved lipid
DASH + TRF significantly reduced liver fat

Liraglutide and sitagliptin did not significantly
reduce liver fatin 12 weeks

Omega-3 reduced GGT, but without significant
improvement in steatosis/fibrosis

Improved insulin sensitivity and steatosis;
Modest benefit on fibrosis in patients with
severe insulin resistance

sizes varied widely across studies, as did follow-up duration,
which ranged from 12 weeks to 36 months. Pharmacological
interventions evaluated included GLP-1 receptor agonists,
dual incretin agonists, SGLT2 inhibitors, DPP-4 inhibitors,
insulin sensitizers, statins, fibrates, and combined strategies
targeting metabolic control [1-3,12,14,15,18]. Overall, the
studies demonstrated a consistent association between
improved systemic metabolic status and reductions in markers
of liver disease activity.

MASH resolution and improvement in liver fibrosis

Incretin-based therapies produced the most consistent results
regarding MASH resolution. The study conducted by Loomba
et al. [1], showed that tirzepatide led to significant MASH
resolution without worsening fibrosis compared with placebo,
accompanied by substantial reductions in hepatic fat content
and overall metabolic improvement. Similar findings were
observed with semaglutide and pegozafermin [2,3], although
the magnitude of fibrosis regression varied across studies.

Despite histological improvements observed with several
interventions, significant regression of advanced fibrosis was
less consistent than reductions in hepatic steatosis. In many
studies, benefits regarding fibrosis were modest or limited
to short-term follow-up [1,3,14]. Nonetheless, therapies
targeting insulin resistance and body weight control showed
meaningful potential to slow the progression of fibrosis.

Reduction in hepatic steatosis

Reduction in hepatic fat content was the most consistently
reported outcome across included studies. Assessments
using Magnetic Resonance Imaging-Proton Density Fat
Fraction (MRI-PDFF) demonstrated significant decreases in
intrahepatic lipid content following treatment with GLP-1
receptor agonists, dual incretin agonists, and SGLT2 inhibitors

[1,3,12,14]. Trials evaluating liraglutide, semaglutide, and
empagliflozin reported a relative reduction of up to 49% in
hepatic lipid content measured by MRI-PDFF compared with
placebo, alongside weightloss and improved insulin sensitivity
[11,12,16]. Furthermore, combined strategies involving dietary
restriction and pharmacological therapy exerted a synergistic
effect on reducing hepatic fat accumulation [5,10].

Improvementin liver enzymes and metabolic parameters

Multiple pharmacological interventions resulted in
significant reductions in serum Alanine Aminotransferase
(ALT) and Aspartate Aminotransferase (AST) levels, indicating
decreased hepatic inflammatory activity [11,12,16]. These
effects were particularly evident in studies using liraglutide,
empagliflozin, and dual incretin agonists [1,12]. Beyond
liver-related benefits, consistent improvements in metabolic
parameters were observed, including reductions in body
weight, better glycemic control, decreased insulin resistance,
and improved lipid profiles [9, 11,12,15]. Interventions with
GLP-1 receptor agonists and SGLT2 inhibitors produced the
greatest simultaneous benefits on both metabolic and liver-
related outcomes.

Safety profile of pharmacological therapies

In general, the pharmacological therapies evaluated
exhibited an acceptable safety profile. Statins demonstrated
hepatic safety even in patients with metabolic dysfunction-
associated liver disease [17]. Similarly, fibrates and SGLT2
inhibitors were not associated with worsening fibrosis or
significant increases in liver-related adverse events [14,18].
The most frequently reported adverse effects were mild-to-
moderate gastrointestinal symptoms, particularly among
users of incretin-based therapies [1,3]. Nevertheless, most
studies reported good tolerability and low rates of treatment
discontinuation.

Arch Gastroenterol Res. 2026
Volume 7, Issue 1

54



Mirandola IB, Pires Alves AT, Silva DFP, Branddo Rangel MAR. Impact of Metabolic Syndrome, Type 2 Diabetes
Mellitus, and Metabolic Pharmacotherapies on the Progression of MASLD/MASH to Advanced Fibrosis and Cirrhosis:
A Systematic Review. Arch Gastroenterol Res. 2026;7(1):47-59.

Risk of bias assessment

Risk of bias was evaluated using the RoB 2.0 tool. Most
included studies were judged to have a low risk of bias or
only some methodological concerns, primarily related to
randomization procedures, blinding, and loss to follow-up.
The main domains with potential methodological limitations
included lack of blinding in some trials, heterogeneity
in histological assessment methods, and short follow-
up durations for evaluating long-term clinical outcomes.
Studies assessing mortality, progression to cirrhosis, and
hepatocellular carcinoma were associated with greater
uncertainty due to the limited number of events and short
follow-up periods [1,3,19].

Quality of evidence (GRADE)

The overall quality of evidence was assessed using the
GRADE system. High-quality evidence was found for outcomes
related to reductions in hepatic fat content measured by MRI-
PDFF and improvements in hepatic steatosis [1,3,12]. Evidence
regarding MASH resolution and improvement in hepatic
inflammatory activity was rated as moderate, mainly due to
methodological heterogeneity and limited follow-up duration.
In contrast, outcomes of greater prognostic relevance,
including regression of advanced fibrosis, prevention of
cirrhosis, hepatocellular carcinoma, and liver-related mortality,
were supported by low or very low-quality evidence [1,3,19].

This limitation stems primarily from the scarcity of long-term
studies and the predominant use of surrogate markers rather
than robust clinical endpoints.

Overall, the included studies indicate that pharmacological
interventions aimed at metabolic control, especially incretin-
based therapies and SGLT2 inhibitors, are associated with
significant improvements in liver-related and metabolic
outcomes in patients with MASLD/MASH. However, definitive
evidence regarding the long-term impact of these therapies
on progression of advanced fibrosis, cirrhosis, and liver-related
mortality remains limited.

Discussion

Metabolic dysfunction as a mechanistic driver of
disease progression

The findings of this systematic review confirm that metabolic
dysfunction—-associated steatotic liver disease (MASLD/MASH)
is closely linked to metabolic syndrome and Type 2 Diabetes
Mellitus (T2DM), and currently represents one of the most
rapidly growing causes of progression to advanced fibrosis
and cirrhosis worldwide [1,3,4]. Rather than merely coexisting
conditions, these metabolic disorders converge through a
unified pathophysiological axis: insulin resistance, visceral
adiposity, hepatic lipotoxicity, and chronic low-grade systemic
inflammation.Together, these mechanisms drive the transition
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from simple steatosis to inflammatory injury, fibrogenesis,
and ultimately end-stage liver disease [6-8]. Insulin resistance
promotes increased peripheral lipolysis and delivery of free
fatty acids to the liver, while impairing their oxidation and
secretion, leading to intracellular lipid accumulation. This
excess lipid triggers oxidative stress, endoplasmic reticulum
dysfunction, and activation of hepatic stellate cells, the key
mediators of extracellular matrix deposition and fibrosis [7,8].
Consistent with this model, T2DM was associated with a more
aggressive clinical course, including faster progression in
MASLD/MASH, higher rates of clinical decompensation, and
increased risk of Hepatocellular Carcinoma (HCC) and liver-
related mortality [3,4]. These observations underscore that
metabolic dysfunction is not just a risk factor, but a central
driver of disease progression [7,8].

Pharmacological therapies improve surrogate and
histological outcomes — but evidence is uneven

Therapies targeting metabolic pathways have emerged as
potential strategies to modify the natural history of MASLD/
MASH, though their effects vary substantially across different
endpoints.

The strength of evidence can be categorized as follows:

- Stronger evidence supports favorable effects on easily
measurable and reproducible outcomes. GLP-1 receptor
agonists and dual incretin agonists were associated
with consistent reductions in hepatic fat content,
improvements in liver enzyme levels, and sustained
weight loss [1-3]. Trials with tirzepatide demonstrated
marked reductions in intrahepatic lipid content by
MRI-proton density fat fraction (MRI-PDFF), alongside
significant improvements in insulin sensitivity [1,22].
Semaglutide and pegozafermin also showed promise in
reducing hepatic steatosis and normalizing metabolic
parameters [2,3]. SGLT2 inhibitors demonstrated favorable
effects on surrogate hepatic outcomes, including lower
transaminase levels and reduced liver fat accumulation,
likely through mechanisms involving reduced adiposity,
improved insulin sensitivity, and diminished oxidative
stress [12,14].

« Moderate evidence supports benefits regarding
histological endpoints. Tirzepatide and semaglutide were
associated with higher rates of MASH resolution without
worsening fibrosis stage, while pioglitazone suggested
histological improvement with fibrosis benefit in patients
with marked insulin resistance [1-3,12]. However, the
magnitude of fibrosis improvement remained modest
and variable across studies, with responses largely limited
to early or intermediate stages of disease [1,3].

« Weak or very low evidence exists for clinically meaningful

long-term outcomes. Although metabolic therapies
improve laboratory and imaging markers, robust data
demonstrating protection against progression to
cirrhosis, reduction in HCC risk, or improvement in liver-
related mortality remain scarce [1,3,19].

Beyond pharmacotherapy, lifestyle modification remains the
cornerstone of management. Strategies promoting sustained
weight loss were associated with improvements in steatosis,
reductions in hepatic inflammation, and greater likelihood of
fibrosis improvement [5,10]. Weight loss of 7-10% or more of
initial body weight correlated with meaningful histological
improvement, while reductions exceeding 10% were linked to
higher rates of MASH resolution and partial fibrosis regression
[5].

Why cirrhosis-related outcomes remain uncertain

The limited evidence for disease-modifying effects on
advanced liver disease stems from consistent methodological
constraints across the available literature. First, most trials
have relatively short follow-up periods, typically ranging from
12 to 72 weeks, too brief to capture progression to cirrhosis or
decompensation, processes that evolve over years or decades
[1,3]. Second, study populations have mostly enrolled patients
with early-stage MASLD/MASH or mild-to-moderate fibrosis;
few trials specifically include patients with advanced fibrosis
or compensated cirrhosis, where the clinical need is greatest
[1,3]. Third, studies rely heavily on surrogate endpoints; such
as liver enzymes, imaging-based fat fraction, or transient
elastography, rather than paired liver histology or hard clinical
events, making extrapolation to long-term prognosis difficult.
Finally, heterogeneity in study design, diagnostic criteria, and
outcome definitions limits direct comparison and definitive
conclusions [1,3,19].

Clinical implications and future research agenda

From a clinical perspective, these findings reinforce that
management of MASLD/MASH must be multidimensional:
intensive metabolic control, sustained reduction in visceral
adiposity, and improvement in insulin sensitivity are
fundamental to slowing disease progression. Pharmacological
agents, especially GLP-1 receptor agonists, dual incretin
agonists, and SGLT2 inhibitors, provide complementary
benefits and should be considered in patients with T2DM or
metabolic syndrome who do not achieve adequate control
with lifestyle measures alone [1-3,12]. To address current
gaps, future research should prioritize:

- Randomized controlled trials specifically enrolling
patients with advanced fibrosis or compensated
cirrhosis, to evaluate effects on disease progression and
decompensation;
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- Standardized histological endpoints, with paired liver
biopsies at baseline and follow-up where feasible;

« Longer follow-up durations (3-5 years or more) to
assess hard clinical outcomes: progression to cirrhosis,
development of HCC, hepatic decompensation, and liver-
related mortality;

« Direct head-to-head comparisons or network meta-
analyses to determine relative efficacy and safety between
drug classes;

- Evaluation of combination therapies targeting both
metabolic and fibrogenic pathways simultaneously.

This review also has limitations of its own: methodological
heterogeneity across studies, the predominance of surrogate
outcomes, and the absence of a quantitative meta-analysis
preclude precise estimation of treatment effect sizes.
Nonetheless, the available evidence confirms that metabolic
syndrome and T2DM are central drivers of disease progression
in MASLD/MASH, and that therapies targeting these pathways
hold significant potential to alter the course of disease,
provided future studies are designed to overcome current
limitations.

Conclusion

This systematic review highlights the pivotal role of
metabolic syndrome and type 2 diabetes mellitus in driving
the progression of metabolic dysfunction-associated
steatotic liver disease (MASLD/MASH) through interconnected
mechanisms involving insulin resistance, visceral adiposity,
and chronic inflammation. Pharmacological interventions
targeting metabolic dysfunction, particularly GLP-1 receptor
agonists, dual incretin receptor agonists, and SGLT2 inhibitors,
consistently improve hepatic steatosis, metabolic parameters,
and selected histological outcomes. When integrated with
sustained lifestyle modification, these therapies represent
the most promising strategy for slowing disease progression
and improving overall metabolic health. However, current
evidence remains insufficient to establish their long-term
effectiveness in preventing advanced fibrosis, cirrhosis,
hepatocellular carcinoma, and liver-related mortality. Well-
designed randomized controlled trials with extended
follow-up and clinically meaningful endpoints are needed to
determine whether these therapeutic benefits translate into
durable improvements in long-term liver-related outcomes.
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