ISSN 25449338

5 INTERNATIONAL
JOURNAL OF
INNOVATIVE
TECHNOLOGIES IN

SOCIAL SCIENCE

Scientific Edition

ARTICLE TITLE

ARTICLE INFO

DOI

RECEIVED
ACCEPTED

PUBLISHED

LICENSE

© The author(s) 2025.

: Scholarly Publisher
International Journal of RS Global Sp. 2 0.0,

Innovative Technologies in  ISNI: 0000 0004 8495 2390
Social Science

Dolna 17, Warsaw,
Poland 00-773

e-ISSN: 2544-9435 +48 226 0227 03
editorial office@rsglobal.pl

GLP-1 RECEPTOR AGONISTS IN METABOLIC DYSFUNCTION-
ASSOCIATED STEATOTIC LIVER DISEASE: THERAPEUTIC
POTENTIAL AND CLINICAL CHALLENGES

Michal Bzoma, Hubert Bochenek, Pawet Kaminski, Irmina Czerepak, Julia
Gugulska, Anna Bielicka, Tomasz Szwarc, Mateusz Katwik, Karolina Niewczas,
Adrianna Brzozowska. (2025) GLP-1 Receptor Agonists in Metabolic
Dysfunction-Associated Steatotic Liver Disease: Therapeutic Potential and
Clinical Challenges. International Journal of Innovative Technologies in Social
Science. 3(47). doi: 10.31435/ijitss.3(47).2025.3493

https://doi.org/10.31435/ijitss.3(47).2025.3493
03 June 2025
16 July 2025

22 July 2025

The article is licensed under a Creative Commons Attribution 4.0
International License.

This article is published as open access under the Creative Commons Attribution 4.0 International License (CC
BY 4.0), allowing the author to retain copyright. The CC BY 4.0 License permits the content to be copied, adapted,
displayed, distributed, republished, or reused for any purpose, including adaptation and commercial use, as long
as proper attribution is provided.



3(47) (2025): International Journal of Innovative Technologies in Social Science

GLP-1 RECEPTOR AGONISTS IN METABOLIC DYSFUNCTION-
ASSOCIATED STEATOTIC LIVER DISEASE: THERAPEUTIC
POTENTIAL AND CLINICAL CHALLENGES

Michat Bzoma, [MB] (Corresponding Author, Email: bzoma.michal27@gmail.com)
Faculty of Medicine, Medical University of Warsaw, Zwirki i Wigury 61, 02-091 Warsaw, Poland
ORCID ID: 0009-0008-9165-8735

Hubert Bochenek, [HB] .
Faculty of Medicine, Medical University of Warsaw, Zwirki i Wigury 61, 02-091 Warsaw, Poland
ORCID ID: 0009-0002-7221-2793

Pawel Kaminski, [PK]
Faculty of Medicine, Medical University of Lublin, Al. Ractawickie 1, 20-059 Lublin, Poland
ORCID ID: 0009-0003-9322-6374

Irmina Czerepak, [IC] .
Faculty of Medicine, Medical University of Warsaw, Zwirki i Wigury 61, 02-091 Warsaw, Poland
ORCID ID: 0009-0009-9964-3439

Julia Gugulska, [JG] _
Faculty of Medicine, Medical University of Warsaw, Zwirki i Wigury 61, 02-091 Warsaw, Poland
ORCID ID: 0009-0007-8333-5066

Anna Bielicka, [ABi]
Non-public Health Care Facility “Dekamed”, Lipinska 99, 05-200 Wotomin
ORCID ID: 0009-0002-3461-4812

Tomasz Szwarc, [TS] .
Faculty of Medicine, Medical University of Warsaw, Zwirki i Wigury 61, 02-091 Warsaw, Poland
ORCID ID: 0009-0007-2212-5276

Mateusz Katwik, [MK]
Faculty of Medicine, Medical University of Warsaw, Zwirki i Wigury 61, 02-091 Warsaw, Poland
ORCID ID: 0009-0007-1163-6820

Karolina Niewczas, [KN] .
Faculty of Medicine, Medical University of Warsaw, Zwirki i Wigury 61, 02-091 Warsaw, Poland
ORCID ID: 0009-0009-5007-0123

Adrianna Brzozowska, [ABr] _
Faculty of Medicine, Medical University of Warsaw, Zwirki i Wigury 61, 02-091 Warsaw, Poland
ORCID ID: 0009-0009-2625-4766

e-ISSN: 2544-9435 1



3(47) (2025): International Journal of Innovative Technologies in Social Science

ABSTRACT

Introduction and Purpose: Metabolic dysfunction-associated steatotic liver disease (MASLD), formerly known as non-
alcoholic fatty liver disease (NAFLD), represents the most common chronic liver condition worldwide, strongly linked to
obesity and type 2 diabetes. The more severe form, metabolic dysfunction-associated steatohepatitis (MASH), significantly
increases risks of cirrhosis, hepatocellular carcinoma, and cardiovascular complications. Currently, effective
pharmacological treatments are limited. This review aims to summarize current evidence on the potential role of glucagon-
like peptide-1 receptor agonists (GLP-1 RAs) as therapeutic agents for MASLD/MASH.

Description of the State of Knowledge: GLP-1 RAs, currently used to treat diabetes and obesity, show beneficial metabolic
effects through appetite reduction, weight loss, and improved glycemic control. Recent studies indicate that GLP-1 RAs,
particularly liraglutide and semaglutide, effectively reduce liver steatosis, hepatic inflammation, and liver enzymes.
However, evidence regarding their effectiveness in reducing liver fibrosis remains unclear, highlighting the need for larger
and longer studies.

Conclusions: GLP-1 RAs emerge as promising therapeutic options for MASLD and MASH due to their metabolic and
hepatoprotective benefits. While preliminary findings support their use, particularly in reducing hepatic steatosis and
inflammation, their role in fibrosis regression requires further validation. Future research, involving extensive clinical trials
with broader patient populations and standardized dosing protocols, is essential to establish GLP-1 RAs as standard therapy
for metabolic liver disease.
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1. Introduction and purpose

1.1. MASLD/MASH: Consequences of Modern Metabolic Disorders

Metabolic dysfunction-associated steatotic liver disease (MASLD), previously known as non-alcoholic
fatty liver disease (NAFLD), is currently the most common chronic liver disease worldwide. The global
prevalence of MASLD is estimated at approximately 32.4% [1]. Moreover, it has been estimated that in
Western countries, up to 60% of obese adults may have MASLD [2, 3]. Closely related to MASLD is its more
severe form - metabolic dysfunction-associated steatohepatitis (MASH) which is characterized by lobular
inflammation, hepatocellular ballooning, fibrosis, and a substantial risk of progression to liver cirrhosis [4].
According to a screening study, approximately one-third of individuals with MASLD were found to have
MASH [2]. The pathogenesis of MASLD is closely linked to metabolic syndrome, as it shares a common
underlying mechanism - insulin resistance, along with its key components, including type 2 diabetes (T2D),
visceral obesity, hypertension, and dyslipidemia [5]. In the United States, it is estimated that by 2030, half of
the adult population will be affected by obesity - a condition that already affects approximately 40% of adults
today [6, 7]. Type 2 diabetes is a major factor driving the progression from MASLD to MASH, as well as
contributing to the development of liver cirrhosis and hepatocellular carcinoma (HCC) [8]. Approximately
71 % of patients with MASH-associated liver cirrhosis have concomitant type 2 diabetes [9]. Moreover, poor
glycemic control is identified as a risk factor associated with enhanced hepatocyte ballooning and progression
of liver fibrosis in MASLD/MASH [10]. Current evidence suggests shared pathophysiological mechanisms
underlying the reciprocal relationship between MASLD/MASH and T2D, indicating a potential bidirectional
association that may further exacerbate cardiovascular outcomes [11, 12]. In individuals without diabetes,
MASLD is associated with visceral adipose tissue dysfunction, dyslipidemia, and increased hepatokine
secretion - factors that promote insulin resistance and may contribute to the development of T2D [12]. On the
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other hand, people with type 2 diabetes often present with elevated liver enzymes and hepatic fat accumulation,
independent of body mass index (BMI), and are at greater risk of progressing to advanced liver fibrosis [13,
14]. It is therefore reasonable to assume that the rising prevalence of MASLD and MASH is, at least in part,
driven by the global epidemics of obesity and diabetes.

1.2. High-Risk Profile of MASLD and MASH Patients

Patients with MASH are at high risk for severe complications, including portal hypertension, hepatic
decompensation, and HCC [15]. Cardiovascular diseases represent the leading cause of mortality in patients
with MASLD/MASH, particularly in less advanced disease stages. Notably, MASLD independently elevates
cardiovascular risk, irrespective of other established risk factors such as hypertension and dyslipidemia [16].
In the United States, MASH is the second most frequent indication for liver transplantation among men, after
alcoholic liver cirrhosis, and it represents the primary indication among women [17].

1.3. Current Management of MASLD and MASH: Lifestyle First, Drugs Emerging

Due to the long-standing absence of approved drug therapies, lifestyle modification has remained the
cornerstone of managing MASLD and MASH. Current clinical guidelines emphasize the importance of regular
physical activity combined with a calorie-restricted diet, particularly in individuals with obesity. The primary
goal is to achieve a weight loss of 7-10%, which has been consistently associated with improvements in liver
steatosis, reductions in plasma aminotransferase levels, decreased cardiovascular risk, and even resolution of
MASH [13, 18, 19]. Resmetirom is currently the first and only pharmacological agent, provisionally approved
by the FDA in March 2024 in the United States for the treatment of MASH with fibrosis. Additionally,
resmetirom is under review by the European Medicines Agency [20].

1.4. Therapeutic Potential of GLP-1 RAs for Metabolic Liver Disease

GLP-1 receptor agonists (GLP-1 RAs) support metabolic health and weight loss through several
biological mechanisms [11, 21]. They are currently approved for the treatment of type 2 diabetes and obesity,
owing to their ability to improve blood glucose regulation and suppress appetite and caloric intake [22, 23].
Large randomized controlled trials (RCTs) evaluating GLP-1 RAs have consistently demonstrated their
beneficial impact on reducing the risk of adverse cardiovascular events, all-cause mortality, and progression
of nephropathy in patients with type 2 diabetes [24-26]. GLP-1 RAs are currently under evaluation as a
therapeutic option for MASH in individuals both with and without type 2 diabetes [27]. Findings from phase
2 clinical trials indicate that semaglutide, along with another GLP-1 RA, liraglutide, significantly enhanced
histological resolution of MASH when compared to placebo [28, 29]. Emerging evidence supports the
effectiveness of GLP-1 receptor agonists in the treatment of MASLD and MASH. Although their precise
mechanisms of action remain incompletely understood, these are likely multifactorial. Importantly, the
beneficial effects of GLP-1 RAs appear to extend beyond mere weight reduction. In patients with
MASLD/MASH, treatment with GLP-1 RAs may alleviate hepatic inflammation and reduce liver steatosis,
however, their impact on liver fibrosis remains uncertain. GLP-1 receptor agonists represent a promising
therapeutic option for patients with MASLD/MASH, conditions that, despite their high global prevalence and
serious long-term complications, have long lacked effective pharmacological treatment.

1.5. From NAFLD/NASH to MASLD/MASH: Updated Nomenclature

The terms non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH) have
been revised by an international panel of experts in 2023 to metabolic dysfunction-associated steatotic liver
disease (MASLD) and metabolic dysfunction-associated steatohepatitis (MASH), respectively. The updated
terminology and definitions more accurately reflect the metabolic origin of the disease and have been
considered less stigmatizing. It is important to note that the new criteria are largely consistent with the previous
ones, with 98% of individuals previously diagnosed with NAFLD or NASH meeting the updated definitions
of MASLD and MASH [30]. For these reasons, this review adopts the new nomenclature, although some of
the cited studies used the former terms.
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1.6. Purpose of the Review: Exploring GLP-1 RAs in Liver Disease

The aim of this review is to provide a comprehensive overview of the current evidence, drawn from the
most recent and methodologically robust studies, regarding the role of GLP-1 receptor agonists in the treatment
of MASLD/MASH. We seek to explore their potential impact on the course of these conditions and their
complications and limitations associated with GLP-1 RAs therapy, as well as key challenges that need to be
addressed in future clinical trials before these agents can be officially approved as a treatment for MASLD.

2. Description of the state of knowledge

2.1. Systemic Actions and Receptor Distribution of GLP-1

Glucagon-like peptide 1 (GLP-1) is an incretin hormone primarily involved in stimulating insulin
secretion from pancreatic beta cells in response to elevated blood glucose levels, while simultaneously
suppressing glucagon production from alpha cells [31]. In addition, GLP-1 slows gastric emptying and
intestinal movement, thereby decreasing glucose absorption and aiding in the regulation of post-meal spikes
in glucose and triglyceride levels. Beyond its effects on digestion, GLP-1 also promotes the sensation of
fullness by directly influencing the central nervous system [32, 33]. GLP-1 acts on multiple organ systems by
directly stimulating its receptors or indirectly via neural and hormonal signals. These mechanisms influence
the function of the cardiovascular system, liver, adipose tissue, kidneys, and brain [32]. GLP-1 receptors (GLP-
1 R) is primarily found in the distal ileum, colon, pancreatic alpha and beta cells, and within the central nervous
system. Although its presence is less pronounced, GLP-1 receptors are also distributed in the heart, lungs,
kidneys, vascular system, and peripheral nerves [32, 33]. According to some studies, GLP-1 receptors are also
expressed in human hepatocytes, but their expression is reduced in patients with MASH [34, 35].

2.2. Glycemic Control, Weight Loss, and Cardiovascular Protection

GLP-1 receptor agonists (such as exenatide, lixisenatide, liraglutide, dulaglutide, albiglutide, and
semaglutide) enhance the physiological activity of endogenous GLP-1 through various biological mechanisms
outlined in the previous paragraph. These agents effectively lower blood glucose levels, especially postprandial
and reduce HbA 1c while also promoting weight loss. Unlike native GLP-1, which is rapidly broken down by
dipeptidyl peptidase-4 (DPP-4) within approximately 1.5 minutes [36]. GLP-1 RAs are structurally modified
to resist DPP-4 degradation, enabling sustained action and allowing for daily or weekly administration. The
reduction in glycated hemoglobin (HbAlc) typically ranges from 1% to 2% and follows a dose-dependent
pattern. This effect is influenced both by patient-specific factors, such as baseline HbAlc levels, initial body
weight, duration of type 2 diabetes, and by characteristics of the GLP-1 receptor agonist used. These include
whether the agent is short-acting (e.g., exenatide administered twice daily, lixisenatide) or long-acting
(dulaglutide, albiglutide, subcutaneous semaglutide), its pharmacological potency, and its impact on weight
reduction [26, 37, 38]. Long-acting formulations tend to provide better glycemic control, particularly for
nocturnal and post-meal glucose levels, and therefore generally achieve greater HbAlc reductions compared
to short-acting agents. Beyond glycemic control, GLP-1 RAs have shown significant benefits in preventing
complications related to T2D [24-26]. A substantial amount of research now supports that therapy with long-
acting GLP-1 RAs leads to favorable results in individuals with type 2 diabetes, including improvements in
cardiovascular outcomes, mortality, and kidney function. Based on data from the meta-analysis by Kristensen
et al. [39], including seven large placebo-controlled cardiovascular outcome trials, involving over 56000
participants, GLP-1 RAs were shown to reduce the risk of major adverse cardiovascular events (MACE) by
12%. Additionally, treatment with these agents led to a 12% reduction in all-cause mortality, a 9% reduction
in the risk of hospitalization for heart failure, and a 17% reduction in the risk of renal function decline,
primarily due to a decreased incidence of macroalbuminuria. These findings highlight the cardioprotective and
renoprotective effects of GLP-1 RAs and support their use as an effective strategy for reducing morbidity and
mortality in patients with T2D. As a result, these drugs are now considered first-line therapy for individuals
with T2D and existing atherosclerotic cardiovascular disease or a history of cardiovascular events [40]. By
decreasing appetite and enhancing satiety, particularly after meals, GLP-1 RAs contribute to weight reduction
through reduced caloric intake [25]. Depending on the specific agent and dosage, treatment can lead to weight
loss ranging from 5,7% to -16%, with semaglutide demonstrating the most potent effect [38, 41-43]. This
appetite-suppressing property has led to their approval for the treatment of obesity, even in patients without
T2D [44, 45]. Current clinical guidelines recommend reducing calorie intake combined with regular physical
activity, with the goal of achieving a weight loss of 7-10% in individuals with obesity and MASLD/MASH.
This degree of weight reduction has been shown to significantly improve liver enzymes, hepatic steatosis,
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inflammation, and fibrosis, and to slow disease progression [18, 19]. However, achieving and maintaining
substantial weight loss over time is difficult. Many dietary approaches fail to produce lasting results, while
physiological mechanisms often promote weight regain [46]. Taken together, the positive metabolic impact of
GLP-1 RAs suggests their potential value in treating MASLD.

2.3. Potential direct Hepatocellular Effects of GLP-1 RAs

Recent in vitro studies have provided growing evidence that GLP-1 receptor agonists may exert direct
effects on hepatocytes in the treatment of MASLD and MASH by modulating key molecular pathways
involved in lipid metabolism [47-49]. These agents have been shown to reduce hepatic steatosis by inhibiting
de novo lipogenesis, promoting fatty acid B-oxidation, and improving mitochondrial function and autophagy
[50-52]. On the genetic level, GLP-1 RAs downregulate the expression of lipogenic and metabolic regulators
such as SREBP-1c, PPARy, ACSL1, FABP1, and FOXA1, which play a critical role in lipid accumulation and
transport in hepatocytes [48, 49, 53, 54]. These effects are believed to be mediated by activation of intracellular
signaling pathways, particularly AMPK, PI3K/AKT, and Wnt/B-catenin, contributing to enhanced lipid
clearance, reduced lipotoxicity, and anti-inflammatory responses [48, 55-57]. While some studies have
confirmed the expression of GLP-1 receptors in human hepatocytes and demonstrated receptor-dependent
mechanisms of action [47, 58], others suggest that the beneficial hepatic effects of GLP-1RAs might be
indirect, resulting from systemic improvements such as weight loss and glycemic control [49, 59, 60]. Recent
receptor silencing experiments in hepatocyte models have shown that inducted by GLP-1 RAs gene modulation
is significantly reduced when GLP-1 receptor is inhibited, supporting the hypothesis of direct hepatocyte-
specific action [48]. Although the debate about the presence of GLP-1 receptors in liver tissue is still ongoing,
GLP-1 RAs have demonstrated an ability to modulate key disrupted metabolic pathways, making them a
promising candidate for therapeutic intervention in MASLD.

2.4. The Effect of GLP-1 Receptor Agonists on Liver Steatosis

Among GLP-1 RAs, liraglutide has been the most extensively studied. Clinical trials consistently report
reductions in body weight (typically between 2.2% and 6.4%) [61] accompanied by decreased liver fat content
(ranging from 19% to 44%) as assessed by imaging modalities such as MRI [62-64]. A clear relationship has
been established between the extent of weight loss and the improvement in liver steatosis. In comparative
study, liraglutide has outperformed other antidiabetic agents like metformin and gliclazide in reducing hepatic
fat [65]. Additional agents such as dulaglutide and exenatide have also shown favorable outcomes [66-68].
Dulaglutide not only improves liver enzymes but has also been associated with resolution of hepatic steatosis
in specific populations, such as women with polycystic ovary syndrome [69, 70]. Higher doses of dulaglutide
may offer enhanced efficacy, as suggested by Frias et al trial [71]. Exenatide, has also been shown to
significantly reduce hepatic triglyceride content and epicardial fat, benefits not observed with other oral
hypoglycemics [67].

2.5. Impact of GLP-1 Receptor Agonists on Liver Enzymes and Hepatic Cytolysis Markers

A meta-analysis by Mantovani et al demonstrated that GLP-1 RAs treatment significantly reduced
circulating ALT levels compared to placebo or reference therapies, with a pooled weighted mean reduction of
approximately 7 IU/L. Likewise, GLP-1 RAs significantly lowered serum GGT levels, with reductions of
about 11 IU/L. However, no significant change was observed in AST levels across these pooled studies [72].
Individual clinical trials have also supported these findings. For instance, Loomba et al [73] in a 48-week study
involving semaglutide 2.4mg once a week, patients treated with this GLP-1 RA experienced significant
improvements in ALT levels compared to placebo, with a higher proportion achieving clinically relevant
reductions (>17 units) [74]. This was accompanied by meaningful reductions in AST and GGT concentrations
as well, highlighting the comprehensive hepatic benefit of semaglutide. The impact of GLP-1 RAs on hepatic
cytolysis enzymes, primarily ALT and AST, is clinically relevant, as elevations in these enzymes correlate
with hepatic inflammation and increased risk of progressing to more severe liver conditions, including MASH
and cirrhosis [75]. Various GLP-1 RAs, including exenatide, dulaglutide, liraglutide, and semaglutide, have
shown effectiveness in lowering these cytolysis markers [76]. For example, exenatide treatment resulted in
normalization of ALT levels in approximately 40% of diabetic patients initially presenting elevated liver
enzymes [77]. Dulaglutide has similarly demonstrated significant enzyme reductions within six months [69],
while liraglutide showed dose-dependent improvements, particularly at a 1.8 mg/day dosage [78]. Semaglutide
further confirmed dose-dependent efficacy in reducing ALT levels, achieving maximal improvements around
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weeks 28-30 of treatment initiation, closely linked with weight loss [28, 79]. Overall, GLP-1 RAs provide a
consistent positive effect on liver enzymes and hepatic cytolysis markers, particularly ALT and GGT, although
their impact on AST may vary depending on the specific study or drug dosage. Table 1. presents a summary

of the most important beneficial effects of GLP-1 RAs in MASLD discussed in this review.

Table 1. Summary of the outcomes of GLP-1 receptor agonist (GLP-1 RAs) use presented in this review

Outcome Reported effect of GLP-1 RAs Benefit Key supporting Stud.l es (referenced in
the review)
Body-weight | —5.7% to —16% depending on molecule and Yes Blackman 2016 [41], Rubino 2021 [42],
reduction dose, semaglutide shows the greatest loss Wadden 2013 [43], Trujillo 2021 [38]
Hepatic Liraglutide lowers liver fat by 19-44%, similar Petit 2016 [62], Vanderheiden 2016 [63],
. . . . Yes Yan 2019 [64], Kuchay 2020 [68],
steatosis benefits seen with dulaglutide and exenatide
Dutour 2016 [67]
Histological Liraglutide 1,8 mg: 39% vs 9% placebo,
M AS%—I Semaglutide 0,4 mg: 59% vs 17% placebo; Yes Armstrong 2016 [29], Newsome 2021
. pooled OR = 4.1 for resolution without fibrosis [28]
resolution .
worsening
Fibrosis . . Armstrong 2016 [29], Newsome 2021
(histology) No significant regression overall No [28]
Flb.r051s.(non— Decrease in APRL FIB-4, NFS and liver Ohki 2012 [80], Colosimo 2021 [81],
invasive stiffness reported in observational cohorts Yes
o . . Tan 2022 [82]
indices) (liraglutide)
Mantovani 2021 [72], Loomba 2023
ALT Pooled mean change —7 IU/L vs control, dose- Yes [73], Klonoftf 2008 [77], Cusi 2018 [69],
dependent normalisation with semaglutide Armstrong 2013 [78] Newsome 2021
[28] Newsome 2019 [79]
AST No significant pooled change, falls with high- | 1 102 | Mantovani 2021 [72], Loomba 2023 [73]
dose semaglutide in one RCT
Mantovani 2021 [72], Loomba 2023
GGT Pooled mean change —11 IU/L vs control; Yes [73], Klonoff 2008 [77], Cusi 2018 [69],
improved with semaglutide Armstrong 2013 [78] Newsome 2021
[28] Newsome 2019 [79]

2.6. Promising Anti-Steatohepatitis Effects with Limited Fibrosis Evidence

Emerging evidence positions GLP-1 RAs as promising agents for metabolic dysfunction-associated
steatohepatitis (MASH), though their impact on liver fibrosis remains less clear. The first proof of concept
signal came from a 48 week, placebo-controlled study in 52 overweight adults with biopsy-confirmed MASH.
Daily liraglutide 1.8 mg resolved steatohepatitis in 39% of participants versus 9% on placebo, and it also
showed improvement on fibrosis progression (9% vs 36%). Relative risk of MASH resolution was 4.5 (95%
CI: 1.1-18.9; p = 0.017), independent of diabetes status. However, it is important to note the small sample size
of this study, and that the NAFLD Activity Score (NAS) did not differ, perhaps suggesting the 1.8 mg dose
was not optimal for broader histologic change [29]. The larger 72 week semaglutide trial (n = 320) extended
these findings. Once a day injections produced stepwise gains in weight loss, enzyme normalization and
steatohepatitis resolution, peaking at 59% with the 0.4 mg dose versus 17% on placebo. In this trial >80% of
patients on doses of semaglutide 0.2 mg/day or higher achieved an improvement in NAS, compared with 44%
of controls [28]. Despite these metabolic and inflammatory benefits, an improvement in fibrosis stage failed
to reach statistical significance, with absolute response rates of 32 - 49% against 33% for placebo. Pooling
both of these RCTs (liraglutide and semaglutide) shows a quadrupling of the odds of MASH resolution without
fibrosis worsening (OR = 4.1), yet no definitive advantage for fibrosis regression itself (OR = 1.5, p = 0.06)
[72]. This pattern implies that longer treatment horizons or larger cohorts may be required to detect
improvements in liver fibrosis stage. Beyond biopsy trials, smaller observational studies report that liraglutide
lowers surrogate fibrosis indices such as APRI [80], fibrosis 4 index (FIB-4) [81], NAFLD Fibrosis Score
(NFS) and liver stiffness on elastography [82]. These markers support a modest anti-fibrotic signal, but they
do not yet replace histological confirmation. The underlying reasons for the absence of fibrosis improvement,
despite its occurrence with >10% weight loss in lifestyle intervention studies remain unclear [21, 83]. There
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are several potential causes why early GLP-1 RAs trials have not mirrored their steatohepatitis success with
parallel fibrosis gains: short study duration, limited sample size, heterogeneity in disease severity and genetics,
and the intrinsic sampling error of liver biopsy itself. Collectively, randomized and observational data indicate
that GLP-1 RAs consistently resolve steatohepatitis and improve metabolic parameters, establishing them as
viable candidates for MASH therapy. Yet convincing evidence of fibrosis reversal is still pending, highlighting
the need for long-term phase 3 programmes and better non-invasive fibrosis endpoints.

3. Summary

3.1. Future directions

Future research into the use of GLP-1 receptor agonists for MASLD should address several important
aspects. First, larger clinical trials with extended treatment durations are necessary to confirm the effectiveness
of GLP-1RAs in improving liver-related outcomes, particularly morbidity and mortality among patients with
more severe stages of liver disease. Key future direction involves exploring the effectiveness of approved
therapeutic doses in clinical practice, since current evidence comes from trials using different dosing regimens
that may limit direct applicability. Furthermore, robust studies specifically targeting non-diabetic populations
with MASLD are urgently required, as the majority of existing trials primarily included individuals with
diabetes, thus limiting generalizability. Future studies should also delve into personalized medicine aspects,
including genetic factors and metabolic predictors, to better identify individuals who are likely to benefit most
from treatment with GLP-1RAs [84, 85]. Additionally, considering sex-related differences in the prevalence
and response to treatment observed in MASLD, future adequately powered trials should aim to investigate
potential gender-specific therapeutic effects of GLP-1RAs [86]. Finally, emerging dual agonists such as
tirzepatide, which targets both glucose-dependent insulinotropic polypeptide (GIP) and GLP-1 receptors,
present promising therapeutic options. Investigating these novel agents could substantially improve
management approaches in obesity, diabetes, and MASLD [87-89]. Thus, comprehensive and carefully
designed clinical trials evaluating these multidimensional aspects are crucial to clarify and enhance the role of
GLP-1RAs in treating MASLD.

3.2. Conclusions

Metabolic dysfunction-associated steatotic liver disease (MASLD) and its severe form, metabolic
dysfunction-associated steatohepatitis (MASH), are emerging as significant public health issues due to their
rising global prevalence, closely linked to obesity and type 2 diabetes. MASLD and MASH not only carry
risks of progressive liver disease and cirrhosis but also significantly elevate cardiovascular risk, becoming a
critical factor in morbidity and mortality. Lifestyle modifications remain the cornerstone of MASLD and
MASH management, particularly through weight reduction achieved by dietary interventions and physical
activity. However, maintaining sustained weight loss is challenging, and pharmacological options have been
limited until recently. Resmetirom has recently been provisionally approved for MASH treatment with fibrosis
in the United States, marking a significant advancement in pharmacotherapy. This review explored the
potential of glucagon-like peptide-1 receptor agonists (GLP-1 RAs), highlighting their multifaceted
mechanisms, including improvements in glycemic control, appetite suppression, weight loss, and potential
direct hepatocellular actions. Clinical evidence demonstrates that GLP-1 RAs, notably liraglutide and
semaglutide, consistently reduce liver fat content and improve hepatic enzyme profiles. Their beneficial effects
extend beyond metabolic improvements, showing promise in histological resolution of steatohepatitis. These
beneficial effects are presented in Table 1. However, despite encouraging results, definitive evidence for
fibrosis improvement remains inconclusive, likely due to limitations such as small sample sizes and short trial
durations. The adoption of GLP-1 RAs in clinical practice for MASLD and MASH treatment is promising but
necessitates larger and longer-term studies to better understand their full therapeutic potential, especially
regarding fibrosis reversal. This review emphasizes the need for future research to overcome current limitations
and firmly establish GLP-1 RAs as a standard treatment modality for metabolic liver disease.

e-ISSN: 2544-9435 7



3(47) (2025): International Journal of Innovative Technologies in Social Science

10.

11.

Disclosure

Author contributions:

All authors contributed to the article.
Conceptualization: MB;

Methodology: MB;

Software: TS, ABi, IC;

Check: JG, HB;

Formal analysis: MK, KN;
Investigation: MB, TS, PK;

Resources: IC, MK, HB;

Data curation: IC, JG, TS;
Writing-rough preparation: MB, IC, KN;
Writing - review and editing: MB, MK, IC, JG, HB, TS, PK, ABi, KN, ABr;
Visualization, KN, ABr;

Supervision, HB;

Project administration, MB

All authors have read and agreed with the published version of the manuscript.

Funding Statement: This study received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.
Acknowledgements: Not applicable.

Conflicts of Interest: The authors report no conflict of interest.

REFERENCES

Riazi K, Azhari H, Charette JH, Underwood FE, King JA, Afshar EE, et al. The prevalence and incidence of NAFLD
worldwide: a systematic review and meta-analysis. The Lancet Gastroenterology & Hepatology. 2022;7(9):851-61
DOI: 10.1016/S2468-1253(22)00165-0.

Harrison SA, Gawrich S, Roberts K, Lisanti CJ, Schwope RB, Cebe KM, et al. Prospective evaluation of the
prevalence of non-alcoholic fatty liver disease and steatohepatitis in a large middle-aged US cohort. Journal of
Hepatology. 2021;75(2):284-91 DOI: https://doi.org/10.1016/j.jhep.2021.02.034.

Younossi ZM, Golabi P, de Avila L, Paik JM, Srishord M, Fukui N, et al. The global epidemiology of NAFLD and
NASH in patients with type 2 diabetes: A systematic review and meta-analysis. Journal of Hepatology.
2019;71(4):793-801 DOI: 10.1016/j.jhep.2019.06.021.

Caturano A, Acierno C, Nevola R, Pafundi PC, Galiero R, Rinaldi L, et al. Non-Alcoholic Fatty Liver Disease: From
Pathogenesis to Clinical Impact. Processes. 2021;9(1):135.

Acierno C, Caturano A, Pafundi PC, Nevola R, Adinolfi LE, Sasso FC. Nonalcoholic fatty liver disease and type 2
diabetes: pathophysiological mechanisms shared between the two faces of the same coin. Exploration of Medicine.
2020;1(5):287-306 DOI: 10.37349/emed.2020.00019.

Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of Obesity and Severe Obesity Among Adults: United
States, 2017-2018. NCHS Data Brief. 2020(360):1-8.

Ward ZJ, Bleich SN, Cradock AL, Barrett JL, Giles CM, Flax C, et al. Projected U.S. State-Level Prevalence of
Adult Obesity and Severe Obesity. New England Journal of Medicine. 2019;381(25):2440-50 DOI:
doi:10.1056/NEJMsa1909301.

Anstee QM, Targher G, Day CP. Progression of NAFLD to diabetes mellitus, cardiovascular disease or cirrhosis.
Nat Rev Gastroenterol Hepatol. 2013;10(6):330-44 DOI: 10.1038/nrgastro.2013.41.

Yang JD, Ahmed F, Mara KC, Addissie BD, Allen AM, Gores GJ, et al. Diabetes Is Associated With Increased Risk
of Hepatocellular Carcinoma in Patients With Cirrhosis From Nonalcoholic Fatty Liver Disease. Hepatology.
2020;71(3):907-16 DOI: 10.1002/hep.30858.

Alexopoulos AS, Crowley MJ, Wang Y, Moylan CA, Guy CD, Henao R, et al. Glycemic Control Predicts Severity
of Hepatocyte Ballooning and Hepatic Fibrosis in Nonalcoholic Fatty Liver Disease. Hepatology. 2021;74(3):1220-
33 DOI: 10.1002/hep.31806.

Gastaldelli A, Cusi K. From NASH to diabetes and from diabetes to NASH: Mechanisms and treatment options.
JHEP Rep. 2019;1(4):312-28 DOI: 10.1016/j.jhepr.2019.07.002.

e-ISSN: 2544-9435 8



3(47) (2025): International Journal of Innovative Technologies in Social Science

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Gancheva S, Roden M, Castera L. Diabetes as a risk factor for MASH progression. Diabetes Res Clin Pract.
2024;217:111846 DOI: 10.1016/j.diabres.2024.111846.

EASL-EASD-EASO Clinical Practice Guidelines for the management of non-alcoholic fatty liver disease. J Hepatol.
2016;64(6):1388-402 DOI: 10.1016/j.jhep.2015.11.004.

Lomonaco R, Godinez Leiva E, Bril F, Shrestha S, Mansour L, Budd J, et al. Advanced Liver Fibrosis Is Common
in Patients With Type 2 Diabetes Followed in the Outpatient Setting: The Need for Systematic Screening. Diabetes
Care. 2021;44(2):399-406 DOI: 10.2337/dc20-1997.

Sanyal AJ, Van Natta ML, Clark J, Neuschwander-Tetri BA, Diehl A, Dasarathy S, et al. Prospective Study of
Outcomes in Adults with Nonalcoholic Fatty Liver Disease. N Engl J Med. 2021;385(17):1559-69 DOI:
10.1056/NEJM0a2029349.

Cusi K, Godinez Leiva E. Cardiovascular risk in patients with nonalcoholic fatty liver disease: looking at the liver
to shield the heart. Curr Opin Lipidol. 2020;31(6):364-6 DOI: 10.1097/mol.0000000000000717.

Noureddin M, Vipani A, Bresee C, Todo T, Kim IK, Alkhouri N, et al. NASH Leading Cause of Liver Transplant
in Women: Updated Analysis of Indications For Liver Transplant and Ethnic and Gender Variances. Official journal
of the American College of Gastroenterology | ACG. 2018;113(11).

EASL-EASD-EASO Clinical Practice Guidelines on the management of metabolic dysfunction-associated steatotic
liver disease (MASLD). J Hepatol. 2024;81(3):492-542 DOI: 10.1016/j.jhep.2024.04.031.

Rinella ME, Neuschwander-Tetri BA, Siddiqui MS, Abdelmalek MF, Caldwell S, Barb D, et al. AASLD Practice
Guidance on the clinical assessment and management of nonalcoholic fatty liver disease. Hepatology.
2023;77(5):1797-835 DOI: 10.1097/hep.0000000000000323.

Allan S. Brett M. Resmetirom, the First Drug Approved by the U.S. FDA for Treating Patients with Nonalcoholic
Steatohepatitis. NEIM Journal Watch General Medicine. 2024 [Available from:
https://www.jwatch.org/na57292/2024/03/28/resmetirom-first-drug-approved-us-fda-treating-patients (accesed 12
June 2025).

Miiller TD, Finan B, Bloom SR, D'Alessio D, Drucker DJ, Flatt PR, et al. Glucagon-like peptide 1 (GLP-1). Mol
Metab. 2019;30:72-130 DOI: 10.1016/j.molmet.2019.09.010.

FDA. OZEMPIC prescribing information [Available from:
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/2096371bl.pdf (accesed 03 June 2025).
FDA. WEGOVY prescribing information. [Available from:

https://www.accessdata.fda.gov/drugsatfda docs/label/2021/215256s0001bl.pdf (accesed 03 June 2025).

Li J, Albajrami O, Zhuo M, Hawley CE, Paik JM. Decision Algorithm for Prescribing SGLT2 Inhibitors and GLP-
1 Receptor Agonists for Diabetic Kidney Disease. Clin J Am Soc Nephrol. 2020;15(11):1678-88 DOI:
10.2215/¢jn.02690320.

Nauck MA, Quast DR, Wefers J, Meier JJ. GLP-1 receptor agonists in the treatment of type 2 diabetes - state-of-
the-art. Mol Metab. 2021;46:101102 DOI: 10.1016/j.molmet.2020.101102.

Sachinidis A, Nikolic D, Stoian AP, Papanas N, Tarar O, Rizvi AA, et al. Cardiovascular outcomes trials with
incretin-based medications: a critical review of data available on GLP-1 receptor agonists and DPP-4 inhibitors.
Metabolism. 2020;111:154343 DOI: 10.1016/j.metabol.2020.154343.

ClinicalTrials.gov. Research Study on Whether Semaglutide Works in People With Non-alcoholic Steatohepatitis
(NASH) (ESSENCE) 2025 [Available from: https:/clinicaltrials.gov/study/NCT04822181 (accesed 05 June 2025).
Newsome PN, Buchholtz K, Cusi K, Linder M, Okanoue T, Ratziu V, et al. A Placebo-Controlled Trial of
Subcutaneous Semaglutide in Nonalcoholic Steatohepatitis. NEW ENGLAND JOURNAL OF MEDICINE.
2021;384(12):1113-24 DOI: 10.1056/NEJM0a2028395.

Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker R, et al. Liraglutide safety and efficacy in patients
with non-alcoholic steatohepatitis (LEAN): a multicentre, double-blind, randomised, placebo-controlled phase 2
study. Lancet. 2016;387(10019):679-90 DOI: 10.1016/s0140-6736(15)00803-x.

Rinella ME, Lazarus JV, Ratziu V, Francque SM, Sanyal AJ, Kanwal F, et al. A multisociety Delphi consensus
statement on new fatty liver disease nomenclature. Journal of Hepatology. 2023;79(6):1542-56 DOI:
https://doi.org/10.1016/j.jhep.2023.06.003.

Salvatore T, Nevola R, Pafundi PC, Monaco L, Ricozzi C, Imbriani S, et al. Incretin Hormones: The Link between
Glycemic Index and Cardiometabolic Diseases. Nutrients. 2019;11(8):1878.

Campbell Jonathan E, Drucker Daniel J. Pharmacology, Physiology, and Mechanisms of Incretin Hormone Action.
Cell Metabolism. 2013;17(6):819-37 DOI: 10.1016/j.cmet.2013.04.008.

Rajeev SP, Wilding J. GLP-1 as a target for therapeutic intervention. Current Opinion in Pharmacology. 2016;31:44-
9 DOI: https://doi.org/10.1016/j.coph.2016.08.005.

Cuthbertson DJ, Irwin A, Gardner CJ, Daousi C, Purewal T, Furlong N, et al. Improved Glycaemia Correlates with
Liver Fat Reduction in Obese, Type 2 Diabetes, Patients Given Glucagon-Like Peptide-1 (GLP-1) Receptor Agonists.
PLOS ONE. 2012;7(12):e50117 DOI: 10.1371/journal.pone.0050117.

e-ISSN: 2544-9435 9



3(47) (2025): International Journal of Innovative Technologies in Social Science

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Svegliati-Baroni G, Saccomanno S, Rychlicki C, Agostinelli L, De Minicis S, Candelaresi C, et al. Glucagon-like
peptide-1 receptor activation stimulates hepatic lipid oxidation and restores hepatic signalling alteration induced by
a high-fat diet in nonalcoholic steatohepatitis. Liver Int. 2011;31(9):1285-97 DOI: 10.1111/.1478-
3231.2011.02462.x.

Lovshin JA, Drucker DJ. Incretin-based therapies for type 2 diabetes mellitus. Nat Rev Endocrinol. 2009;5(5):262-
9 DOI: 10.1038/nrendo.2009.48.

Dalsgaard NB, Vilsbell T, Knop FK. Effects of glucagon-like peptide-1 receptor agonists on cardiovascular risk
factors: A narrative review of head-to-head comparisons. Diabetes Obes Metab. 2018;20(3):508-19 DOI:
10.1111/dom.13128.

Trujillo JM, Nuffer W, Smith BA. GLP-1 receptor agonists: an updated review of head-to-head clinical studies. Ther
Adv Endocrinol Metab. 2021;12:2042018821997320 DOI: 10.1177/2042018821997320.

Kristensen SL, Rerth R, Jhund PS, Docherty KF, Sattar N, Preiss D, et al. Cardiovascular, mortality, and kidney
outcomes with GLP-1 receptor agonists in patients with type 2 diabetes: a systematic review and meta-analysis of
cardiovascular outcome trials. The Lancet Diabetes & Endocrinology. 2019;7(10):776-85 DOI: 10.1016/S2213-
8587(19)30249-9.

Davies MJ, Aroda VR, Collins BS, Gabbay RA, Green J, Maruthur NM, et al. Management of Hyperglycemia in
Type 2 Diabetes, 2022. A Consensus Report by the American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD). Diabetes Care. 2022;45(11):2753-86 DOI: 10.2337/dci22-0034.
Blackman A, Foster GD, Zammit G, Rosenberg R, Aronne L, Wadden T, et al. Effect of liraglutide 3.0 mg in
individuals with obesity and moderate or severe obstructive sleep apnea: the SCALE Sleep Apnea randomized
clinical trial. Int J Obes (Lond). 2016;40(8):1310-9 DOI: 10.1038/1j0.2016.52.

Rubino D, Abrahamsson N, Davies M, Hesse D, Greenway FL, Jensen C, et al. Effect of Continued Weekly
Subcutaneous Semaglutide vs Placebo on Weight Loss Maintenance in Adults With Overweight or Obesity: The
STEP 4 Randomized Clinical Trial. JAMA. 2021;325(14):1414-25 DOI: 10.1001/jama.2021.3224.

Wadden TA, Hollander P, Klein S, Niswender K, Woo V, Hale PM, et al. Weight maintenance and additional weight
loss with liraglutide after low-calorie-diet-induced weight loss: the SCALE Maintenance randomized study. Int J
Obes (Lond). 2013;37(11):1443-51 DOI: 10.1038/ij0.2013.120.

Del Prato S, Gallwitz B, Holst JJ, Meier JJ. The incretin/glucagon system as a target for pharmacotherapy of obesity.
Obesity Reviews. 2022;23(2):¢13372 DOI: https://doi.org/10.1111/0br.13372.

Jensterle M, Rizzo M, Haluzik M, Janez A. Efficacy of GLP-1 RA Approved for Weight Management in Patients
With or Without Diabetes: A Narrative Review. Adv Ther. 2022;39(6):2452-67 DOI: 10.1007/s12325-022-02153-
X.

Lingvay I, Sumithran P, Cohen RV, le Roux CW. Obesity management as a primary treatment goal for type 2
diabetes: time to reframe the conversation. The Lancet. 2022;399(10322):394-405 DOI: 10.1016/S0140-
6736(21)01919-X.

Gupta NA, Mells J, Dunham RM, Grakoui A, Handy J, Saxena NK, et al. Glucagon-like peptide-1 receptor is present
on human hepatocytes and has a direct role in decreasing hepatic steatosis in vitro by modulating elements of the
insulin signaling pathway. Hepatology. 2010;51(5):1584-92 DOI: 10.1002/hep.23569.

Khalifa O, Al-Akl NS, Errafii K, Arredouani A. Exendin-4 alleviates steatosis in an in vitro cell model by lowering
FABP1 and FOXA1 expression via the Wnt/-catenin signaling pathway. Scientific Reports. 2022;12(1):2226 DOI:
10.1038/s41598-022-06143-5.

Omanovic Kolaric T, Kizivat T, Mihaljevic V, Zjalic M, Bilic-Curcic I, Kuna L, et al. Liraglutide Exerts Protective
Effects by Downregulation of PPARy, ACSL1 and SREBP-1c in Huh7 Cell Culture Models of Non-Alcoholic
Steatosis and Drug-Induced Steatosis. Current Issues in Molecular Biology. 2022;44(8):3465-80.

Armstrong M, Hull D, Guo K, Barton D, Yu J, Tomlinson J, et al. Effect of liraglutide on adipose insulin resistance
and hepatic de-novo lipogenesis in non-alcoholic steatohepatitis: substudy of a phase 2, randomised placebo-
controlled trial. The Lancet. 2014;383:S21 DOI: 10.1016/S0140-6736(14)60284-1.

Armstrong MJ, Hull D, Guo K, Barton D, Hazlehurst JM, Gathercole LL, et al. Glucagon-like peptide 1 decreases
lipotoxicity in non-alcoholic  steatohepatitis. Journal of Hepatology. 2016;64(2):399-408 DOI:
10.1016/j.jhep.2015.08.038.

Yaribeygi H, Maleki M, Butler AE, Jamialahmadi T, Sahebkar A. The Impact of Incretin-Based Medications on
Lipid Metabolism. J Diabetes Res. 2021;2021:1815178 DOI: 10.1155/2021/1815178.

Sookoian S, Pirola CJ, Valenti L, Davidson NO. Genetic Pathways in Nonalcoholic Fatty Liver Disease: Insights
From Systems Biology. Hepatology. 2020;72(1):330-46 DOI: 10.1002/hep.31229.

Wang Y, Viscarra J, Kim S-J, Sul HS. Transcriptional regulation of hepatic lipogenesis. Nature Reviews Molecular
Cell Biology. 2015;16(11):678-89 DOI: 10.1038/nrm4074.

JinL,SunY,LiY, Zhang H, Yu W, Li Y, et al. A synthetic peptide AWRK®6 ameliorates metabolic associated fatty
liver disease: involvement of lipid and glucose homeostasis. Peptides. 2021;143:170597 DOI:
10.1016/j.peptides.2021.170597.

e-ISSN: 2544-9435 10



3(47) (2025): International Journal of Innovative Technologies in Social Science

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Miao R, Fang X, Wei J, Wu H, Wang X, Tian J. Akt: A Potential Drug Target for Metabolic Syndrome. Front
Physiol. 2022;13:822333 DOI: 10.3389/fphys.2022.822333.

Yu P, Xu X, Zhang J, Xia X, Xu F, Weng J, et al. Liraglutide Attenuates Nonalcoholic Fatty Liver Disease through
Adjusting Lipid Metabolism via SHP1/AMPK Signaling Pathway. International Journal of Endocrinology.
2019;2019(1):1567095 DOI: https://doi.org/10.1155/2019/1567095.

Yokomori H, Ando W. Spatial expression of glucagon-like peptide 1 receptor and caveolin-1 in hepatocytes with
macrovesicular steatosis in non-alcoholic steatohepatitis. BMJ Open Gastroenterol. 2020;7(1) DOI:
10.1136/bmjgast-2019-000370.

Panjwani N, Mulvihill EE, Longuet C, Yusta B, Campbell JE, Brown TJ, et al. GLP-1 Receptor Activation Indirectly
Reduces Hepatic Lipid Accumulation But Does Not Attenuate Development of Atherosclerosis in Diabetic Male
ApoE—/—Mice. Endocrinology. 2013;154(1):127-39 DOI: 10.1210/en.2012-1937.

Vendrell J, El Bekay R, Peral B, Garcia-Fuentes E, Megia A, Macias-Gonzalez M, et al. Study of the potential
association of adipose tissue GLP-1 receptor with obesity and insulin resistance. Endocrinology.
2011;152(11):4072-9 DOI: 10.1210/en.2011-1070.

Chavez CP, Cusi K, Kadiyala S. The Emerging Role of Glucagon-like Peptide-1 Receptor Agonists for the
Management of NAFLD. JOURNAL OF CLINICAL ENDOCRINOLOGY & METABOLISM. 2022;107(1):29-38
DOI: 10.1210/clinem/dgab578.

Petit J-M, Cercueil J-P, Loffroy R, Denimal D, Bouillet B, Fourmont C, et al. Effect of Liraglutide Therapy on Liver
Fat Content in Patients With Inadequately Controlled Type 2 Diabetes: The Lira-NAFLD Study. The Journal of
Clinical Endocrinology & Metabolism. 2016;102(2):407-15 DOI: 10.1210/jc.2016-2775.

Vanderheiden A, Harrison LB, Warshauer JT, Adams-Huet B, Li X, Yuan Q, et al. Mechanisms of Action of
Liraglutide in Patients With Type 2 Diabetes Treated With High-Dose Insulin. The Journal of Clinical
Endocrinology & Metabolism. 2016;101(4):1798-806 DOI: 10.1210/jc.2015-3906.

Yan J, Yao B, Kuang H, Yang X, Huang Q, Hong T, et al. Liraglutide, Sitagliptin, and Insulin Glargine Added to
Metformin: The Effect on Body Weight and Intrahepatic Lipid in Patients With Type 2 Diabetes Mellitus and
Nonalcoholic Fatty Liver Disease. Hepatology. 2019;69(6):2414-26 DOI: 10.1002/hep.30320.

Feng W, Gao C, Bi Y, Wu M, Li P, Shen S, et al. Randomized trial comparing the effects of gliclazide, liraglutide,
and metformin on diabetes with non-alcoholic fatty liver disease. J Diabetes. 2017;9(8):800-9 DOI: 10.1111/1753-
0407.12555.

Blaslov K, Zibar K, Bulum T, Duvnjak L. Effect of exenatide therapy on hepatic fat quantity and hepatic biomarkers
in type 2 diabetic patients. Clinics and Research in Hepatology and Gastroenterology. 2014;38(3):e61-e3 DOI:
https://doi.org/10.1016/j.clinre.2013.10.013.

Dutour A, Abdesselam I, Ancel P, Kober F, Mrad G, Darmon P, et al. Exenatide decreases liver fat content and
epicardial adipose tissue in patients with obesity and type 2 diabetes: a prospective randomized clinical trial using
magnetic resonance imaging and spectroscopy. Diabetes, Obesity and Metabolism. 2016;18(9):882-91 DOI:
https://doi.org/10.1111/dom.12680.

Kuchay MS, Krishan S, Mishra SK, Choudhary NS, Singh MK, Wasir JS, et al. Effect of dulaglutide on liver fat in
patients with type 2 diabetes and NAFLD: randomised controlled trial (D-LIFT trial). Diabetologia.
2020;63(11):2434-45 DOI: 10.1007/s00125-020-05265-7.

Cusi K, Sattar N, Garcia-Pérez LE, Pavo I, Yu M, Robertson KE, et al. Dulaglutide decreases plasma
aminotransferases in people with Type 2 diabetes in a pattern consistent with liver fat reduction: a post hoc analysis
of the AWARD programme. Diabet Med. 2018;35(10):1434-9 DOI: 10.1111/dme.13697.

Fressing S, Nylander M, Chabanova E, Frystyk J, Holst JJ, Kistorp C, et al. Effect of liraglutide on ectopic fat in
polycystic ovary syndrome: A randomized clinical trial. Diabetes Obes Metab. 2018;20(1):215-8 DOI:
10.1111/dom.13053.

Frias JP, Bonora E, Nevarez Ruiz L, Li YG, Yu Z, Milicevic Z, et al. Efficacy and Safety of Dulaglutide 3.0 mg and
4.5 mg Versus Dulaglutide 1.5 mg in Metformin-Treated Patients With Type 2 Diabetes in a Randomized Controlled
Trial (AWARD-11). Diabetes Care. 2021;44(3):765-73 DOI: 10.2337/dc20-1473.

Mantovani A, Petracca G, Beatrice G, Csermely A, Lonardo A, Targher G. Glucagon-Like Peptide-1 Receptor
Agonists for Treatment of Nonalcoholic Fatty Liver Disease and Nonalcoholic Steatohepatitis: An Updated Meta-
Analysis of Randomized Controlled Trials. METABOLITES. 2021;11(2) DOI: 10.3390/metabo11020073.
Loomba R, Abdelmalek MF, Armstrong MJ, Jara M, Kjar MS, Krarup N, et al. Semaglutide 2.4 mg once weekly
in patients with non-alcoholic steatohepatitis-related cirrhosis: a randomised, placebo-controlled phase 2 trial.
LANCET GASTROENTEROLOGY & HEPATOLOGY. 2023;8(6):511-22 DOI: 10.1016/S2468-1253(23)00068-
7.

Loomba R, Sanyal AJ, Kowdley KV, Terrault N, Chalasani NP, Abdelmalek MF, et al. Factors Associated With
Histologic Response in Adult Patients With Nonalcoholic Steatohepatitis. Gastroenterology. 2019;156(1):88-95.e5
DOI: 10.1053/j.gastro.2018.09.021.

Ekstedt M, Franzén LE, Mathiesen UL, Thorelius L, Holmqvist M, Bodemar G, et al. Long-term follow-up of
patients with NAFLD and elevated liver enzymes. Hepatology. 2006;44(4):865-73 DOI: 10.1002/hep.21327.

e-ISSN: 2544-9435 11



3(47) (2025): International Journal of Innovative Technologies in Social Science

76.

71.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

87.

88.

89.

Nevola R, Epifani R, Imbriani S, Tortorella G, Aprea C, Galiero R, et al. GLP-1 Receptor Agonists in Non-Alcoholic
Fatty Liver Disease: Current Evidence and Future Perspectives. INTERNATIONAL JOURNAL OF MOLECULAR
SCIENCES. 2023;24(2) DOI: 10.3390/ijms24021703.

Klonoff DC, B. BJ, L. NL, Xuesong G, L. BC, H. HJ, et al. Exenatide effects on diabetes, obesity, cardiovascular
risk factors and hepatic biomarkers in patients with type 2 diabetes treated for at least 3 years. Current Medical
Research and Opinion. 2008;24(1):275-86 DOI: 10.1185/030079908X253870.

Armstrong MJ, Houlihan DD, Rowe IA, Clausen WHO, Elbrend B, Gough SCL, et al. Safety and efficacy of
liraglutide in patients with type 2 diabetes and elevated liver enzymes: individual patient data meta-analysis of the
LEAD program. Alimentary Pharmacology & Therapeutics. 2013;37(2):234-42 DOI:
https://doi.org/10.1111/apt.12149.

Newsome P, Francque S, Harrison S, Ratziu V, Van Gaal L, Calanna S, et al. Effect of semaglutide on liver enzymes
and markers of inflammation in subjects with type 2 diabetes and/or obesity. ALIMENTARY PHARMACOLOGY
& THERAPEUTICS. 2019;50(2):193-203 DOI: 10.1111/apt.15316.

Ohki T, Isogawa A, Iwamoto M, Ohsugi M, Yoshida H, Toda N, et al. The Effectiveness of Liraglutide in
Nonalcoholic Fatty Liver Disease Patients with Type 2 Diabetes Mellitus Compared to Sitagliptin and Pioglitazone.
The Scientific World Journal. 2012;2012(1):496453 DOI: https://doi.org/10.1100/2012/496453.

Colosimo S, Ravaioli F, Petroni ML, Brodosi L, Marchignoli F, Barbanti FA, et al. Effects of antidiabetic agents on
steatosis and fibrosis biomarkers in type 2 diabetes: A real-world data analysis. Liver Int. 2021;41(4):731-42 DOI:
10.1111/1iv.14799.

Tan Y, Zhen Q, Ding X, Shen T, Liu F, Wang Y, et al. Association between use of liraglutide and liver fibrosis in
patients with type 2 diabetes. Frontiers in Endocrinology. 2022;Volume 13 - 2022 DOI: 10.3389/fend0.2022.935180.
Stefan N, Haring HU, Cusi K. Non-alcoholic fatty liver disease: causes, diagnosis, cardiometabolic consequences,
and treatment strategies. Lancet Diabetes Endocrinol. 2019;7(4):313-24 DOI: 10.1016/s2213-8587(18)30154-2.
Jamialahmadi O, Mancina RM, Ciociola E, Tavaglione F, Luukkonen PK, Baselli G, et al. Exome-Wide Association
Study on Alanine Aminotransferase Identifies Sequence Variants in the GPAM and APOE Associated With Fatty
Liver Disease. Gastroenterology. 2021;160(5):1634-46.e7 DOI: 10.1053/j.gastro.2020.12.023.

Tavaglione F, Targher G, Valenti L, Romeo S. Human and molecular genetics shed lights on fatty liver disease and
diabetes conundrum. Endocrinol Diabetes Metab. 2020;3(4):¢00179 DOI: 10.1002/edm2.179.

Lonardo A, Suzuki A. Sexual Dimorphism of NAFLD in Adults. Focus on Clinical Aspects and Implications for
Practice and Translational Research. Journal of Clinical Medicine. 2020;9(5):1278.

Frias JP, Davies MJ, Rosenstock J, Pérez Manghi FC, Fernandez Land6 L, Bergman BK, et al. Tirzepatide versus
Semaglutide Once Weekly in Patients with Type 2 Diabetes. N Engl J Med. 2021;385(6):503-15 DOI:
10.1056/NEJMo0a2107519.

Ludvik B, Giorgino F, Jodar E, Frias JP, Ferndndez Land6 L, Brown K, et al. Once-weekly tirzepatide versus once-
daily insulin degludec as add-on to metformin with or without SGLT2 inhibitors in patients with type 2 diabetes
(SURPASS-3): a randomised, open-label, parallel-group, phase 3 trial. Lancet. 2021;398(10300):583-98 DOI:
10.1016/s0140-6736(21)01443-4.

Rosenstock J, Wysham C, Frias JP, Kaneko S, Lee CJ, Fernandez Land6 L, et al. Efficacy and safety of a novel dual
GIP and GLP-1 receptor agonist tirzepatide in patients with type 2 diabetes (SURPASS-1): a double-blind,
randomised, phase 3 trial. The Lancet. 2021;398(10295):143-55 DOI: https://doi.org/10.1016/S0140-
6736(21)01324-6.

e-ISSN: 2544-9435 12



