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Background

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) and dual agonists have been shown to induce histological improvements in patients with metabolic dysfunction-associated steatohepatitis (MASH). However, current clinical evidence on their effectiveness in improving hepatic fibrosis and cardiovascular outcomes remains limited and inconsistent.





Methods

This study synthesized randomized controlled trials (RCTs) from major databases up to August 30, 2025, focusing on patients with biopsy-confirmed MASH. Pooled mean differences were calculated using either a fixed-effects or random-effects model, depending on the degree of heterogeneity observed among the studies.





Results

Six studies including 1,726 participants were analyzed. Compared with placebo, GLP-1RAs and dual agonists significantly increased the likelihood of histological improvement in MASH without worsening hepatic fibrosis. (OR: 4.51, 95% CI: 3.68 to 5.52). It was associated with a ≥1-stage improvement in hepatic fibrosis without worsening MASH (OR: 1.78; 95% CI: 1.47to2.16). In addition, it contributed to MASH resolution accompanied by a ≥1-stage improvement in hepatic fibrosis (OR: 7.42; 95% CI: 2.98to18.48). In subgroup analyses based on post-treatment weight loss, GLP-1RAs and dual agonists demonstrated significant efficacy in promoting hepatic fibrosis resolution without worsening MASH among patients achieving a ≥10% weight loss (OR: 9.59; 95% CI: 4.01to15.18). However, in patients with <10% weight loss, GLP-1RAs and dual agonists did not demonstrate significant differences (OR: 1.30; 95% CI: 0.92to1.83). Moreover, GLP-1RAs and dual agonists achieved a significant pooled reduction in cardiovascular parameters, including total cholesterol (WMD: −4.15 mmol/L; 95% CI: −13.13 to 4.82) and triglycerides (WMD: −17.70 mmol/L; 95% CI: −21.95 to −13.44). Nevertheless, no significant improvement was observed in Low-Density Lipoprotein Cholesterol (LDL-C) levels (WMD: −0.67 mmol/L; 95% CI: −6.55 to 5.21).





Conclusion

In patients with MASH who achieve a ≥10% weight loss, GLP-1RAs and dual agonists are associated with significant improvements in hepatic fibrosis, whereas their effect is limited in those with <10% weight loss. However, a significant reduction in LDL-C was observed only among patients achieving substantial (≥10%) weight loss. This finding suggests that for patients requiring comprehensive cardiovascular risk management, additional lipid-lowering strategies may be needed to optimize the effectiveness of the intervention.





Systematic Review Registration

https://www.crd.york.ac.uk/prospero/, identifier CRD42025640318.
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Study importance

What is already known?

	GLP-1RAs and dual agonists have been approved for the treatment of type 2 diabetes and obesity

	These agents significantly reduce body weight, promote MASH resolution, and improve hepatic fibrosis in patients with MASH.

	These agents are associated with improvements in hepatic-related biomarkers, including Aspartate Aminotransferase (AST) and Alanine Aminotransferase (ALT).



What does this study add?

	The degree of weight loss plays a crucial role in the improvement of hepatic fibrosis among MASH patients treated with GLP-1RAs and dual agonists.

	Although GLP-1RAs and dual agonists do not directly lower LDL-C in patients with MASH, a significant reduction was observed in those achieving ≥10% weight loss. Conversely, weight loss of <10% was not associated with a reduction in LDL-C.

	This study emphasizes the critical need for monitoring cardiovascular risk in patients with comorbid dyslipidemia.



How might these results change the direction of research or the focus of clinical practice?

	The degree of weight loss may serve as a predictor of hepatic fibrosis improvement in patients with MASH.

	Further research is needed in MASH patients with <10% weight loss to determine whether GLP-1RAs and dual agonists provide meaningful improvements in hepatic fibrosis.

	Monitoring LDL-C levels is essential during treatment with GLP-1RAs and dual agonists, with lipid-lowering interventions implemented as needed.






1 Introduction

Metabolic dysfunction-associated steatohepatitis (MASH) is an increasingly prevalent contributor to the global burden of liver disease, affecting approximately 5% of adults worldwide (1). Its prevalence is substantially higher among individuals with type 2 diabetes mellitus (T2DM) and obesity, reaching 66.4% and 34%, respectively (1, 2). Advanced hepatic fibrosis is also common in these populations, with stage F3 and F4 fibrosis affecting 11.66% and 1.71%, respectively (3). These findings highlight the high prevalence of MASH in overweight and obese populations and its close association with clinically significant and progressive hepatic fibrosis. MASH is characterized by excessive hepatic fat accumulation, which triggers lipotoxicity and subsequently promotes hepatocellular inflammation and injury. This multifactorial condition is closely associated with metabolic dysfunction, with hepatic steatosis and insulin resistance playing central roles in its pathogenesis (3, 4).The development of hepatic fibrosis in MASH results from persistent hepatocellular inflammation and recurrent hepatocyte damage throughout disease progression (5).This pathological process disrupts the balance between synthesis and degradation of the extracellular matrix (ECM), leading to excessive ECM deposition and ultimately promoting the development of hepatic fibrosis (6).

In recent years, treatment strategies for MASH have advanced considerably, with both lifestyle interventions and pharmacotherapies showing promising efficacy (7–9). Evidence suggests that a 5–7% reduction in body weight can improve hepatic steatosis, whereas a ≥10% weight loss may help reverse hepatic fibrosis (10–12). Moreover, the introduction of both single and multi-target pharmacological agents has markedly expanded the therapeutic landscape for MASH (13). Treatments using glucagon-like peptide-1 receptor agonists (GLP-1RAs), particularly those involving dual agonists, offer distinct therapeutic advantages. Specifically, GLP-1 activation improves insulin sensitivity and promotes weight loss; modulation of glucose-dependent insulinotropic polypeptide receptors (GIPR) reduces hepatic lipogenesis and steatosis; and activation of glucagon receptors (GCGR) enhances energy expenditure and lipid mobilization (14–16). It is also important to emphasize that the precise receptor selectivity of GLP-1 RAs and GLP-1/GIP dual agonists underlies their efficacy and safety. GLP-1RAs demonstrate high specificity for GLP-1R, showing no detectable activity on GIPR or GCGR even at concentrations up to 1 μM (17–19). GLP-1/GIP dual agonists efficiently activate both GLP-1R and GIPR, with potency surpassing that of native GLP-1 and GIP, while inducing only weak activation of GCGR at supraphysiological concentrations and remaining completely unable to antagonize glucagon function. Clinical Positron Emission Computed Tomography (PET) imaging further confirmed that these dual agonists show very low GCGR occupancy in humans (11.2 ± 14.4%), with no statistical significance (17–19).Therefore, GLP-1RAs selectively activate GLP-1R without affecting GIPR or GCGR, whereas GLP-1/GIP dual agonists primarily synergistically activate both GLP-1R and GIPR, with no significant pharmacological activity on GCGR. In addition to their core advantage of precise receptor selectivity, GLP-1 RAs and GLP-1/GIP dual agonists can also provide additional physiological protective effects through other mechanisms. For example, regarding vascular endothelial protection, these agents can mitigate oxidative stress by inhibiting the activation of the Nicotinamide Adenine Dinucleotide Phosphate Hydrogen (NADPH) oxidase complex, specifically via downregulation of Nicotinamide Adenine Dinucleotide Phosphate Oxidase 4(NOX4) expression and blockade of p47^phox translocation. They can also suppress the expression of adhesion molecules, such as Vascular Cell Adhesion Molecule-1(VCAM-1), thereby reducing inflammatory responses and providing multifaceted protection to the vascular endothelium (20, 21). Such multi-target strategies offer a promising approach to address the complex pathophysiology of MASH.

Despite growing interest in GLP-1RAs and dual agonists, current clinical trial evidence remains inconsistent. In particular, their efficacy and safety in improving hepatic fibrosis are unclear, as is their impact on cardiometabolic markers. While reductions in total cholesterol and triglycerides have been observed, effects on Low-Density Lipoprotein Cholesterol (LDL-C) remain uncertain. Although recent MASH management guidelines recognize (22) the potential of dual agonists in reducing disease activity and mitigating hepatic fibrosis worsening, conclusive histological evidence for hepatic fibrosis reversal is still lacking (22). Given the critical knowledge gaps outlined above, this meta-analysis aims to: (1) synthesize existing evidence to evaluate the histological efficacy of GLP-1RAs and dual agonists in MASH; (2) assess the dose–response relationship on treatment outcomes; and (3) systematically examine modulating cardiometabolic parameters, thereby clarifying their therapeutic potential in mitigating residual cardiovascular risk, as dysregulated cardiometabolic parameters are recognized contributors to atherosclerotic progression in patients with MASH.




2 Methods



2.1 Study design

The protocol for this meta-analysis was registered with PROSPERO (CRD42025640318). The study was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The PRISMA checklist was adhered to throughout the review to ensure methodological transparency and consistency (23).

This study employs a systematic review approach to synthesize findings from multiple RCTs, aiming to provide a more accurate estimate of the overall treatment effect of GLP-1RAs and dual agonists on hepatic histology and cardiovascular parameters in patients with MASH, and to explore the influence of weight change on their efficacy.




2.2 Literature search strategy

Electronic databases, including the Cochrane Library, Embase, MEDLINE (via PubMed), CENTRAL, and Web of Science, were systematically searched. The initial search was conducted on July 21, 2024, and subsequently updated on August 30, 2025, to identify RCTs evaluating the effects of GLP-1 RAs and dual agonists in the treatment of MASH. Key search terms such as “Non-alcoholic Fatty Hepatic Disease,” “Nonalcoholic Steatohepatitis,” “MASH,” “GLP-1 receptor agonist,” “semaglutide,” “dulaglutide,” “dual agonists,” “Gastric Inhibitory Polypeptide,” and “Glucose Dependent Insulinotropic Peptide” were used in the search strategy. A detailed description of the search strategy, including the specific search strings, is provided in Supplementary Materials 2. Reference lists from relevant systematic reviews and included studies were also screened for studies to be included. To ensure that all relevant articles were included, searches were conducted in the European Association for the Study of Diabetes (EASD), American Diabetes Association (ADA), International Diabetes Federation (IDF), American Association for the Study of Liver Diseases (AASLD), and ClinicalTrials.gov for other potential studies to be included.




2.3 Inclusion and exclusion criteria

The inclusion criteria for the studies were as follows: (1) MASH diagnosis confirmed by hepatic biopsy at enrollment; (2) randomized controlled trial (RCT) design; (3) comparison of the efficacy of GLP-1RAs and dual agonists versus placebo in patients with MASH; (4) treatment duration of at least 24 weeks; and (5) primary efficacy endpoints assessed by repeat hepatic biopsy. The exclusion criteria were as follows: (1) repeated publications; (2) post hoc analysis; (3) articles that did not report main outcome measures defined in this article; and (4) articles that did not provide needed data; (5) all observational studies, reviews, meta-analyses, conference proceedings, editorials, commentaries, and unpublished articles; (6) For studies with overlapping participant pools or data sources, only the most comprehensive papers were selected. Hepatic biopsy has been regarded as the gold standard for diagnosing and staging steatohepatitis and hepatic fibrosis, particularly in patients with unclear clinical symptoms. Therefore, only studies with hepatic biopsy-proven MASH were included (22). MASH is defined as hepatic steatosis (HS) involving ≥5% of hepatic tissue, accompanied by hepatocellular inflammation and injury (e.g., hepatocyte ballooning), with or without hepatic fibrosis. Diagnosis requires hepatic histopathological examination and the exclusion of similar pathological changes attributable to other established etiologies (e.g., viral hepatitis, drug-induced hepatocellular injury) (24, 25).




2.4 Data extraction

All identified records were imported into EndNote (version 21.5) for deduplication. Two independent reviewers performed the study selection and data extraction. Any conflicts in screening or extraction were resolved through discussion or, when necessary, by referral to a third reviewer. A PRISMA flowchart visually depicts the study selection process (Figure 1). Data were extracted into a pre-determined data sheet, which focused on participant demographics (age, gender, body mass index [BMI], body weight, and comorbidity with type 2 diabetes), study characteristics (author, country, type of study, type of funding, and duration of follow-up), and intervention details (including drug names, dosages, and treatment duration). Relevant primary and secondary outcomes were also recorded. The primary outcomes extracted from the included studies were as follows: resolution of MASH without worsening of hepatic fibrosis, an improvement with ≥1-stage hepatic fibrosis without worsening of MASH, and concurrent resolution of MASH with ≥1-stage improvement in hepatic fibrosis. The secondary outcomes extracted from the included studies were as follows: changes in lipid profiles (e.g., LDL-C, Total Cholesterol [TC], and Triglycerides [TG]), hepatic enzyme levels (e.g., Alanine Aminotransferase [ALT] and Aspartate Aminotransferase [AST]), and body weight. Adverse event outcomes included Gastrointestinal (GI) events such as nausea, vomiting, and diarrhea. In the context of existing reviews, the resolution of MASH is defined as the complete absence of hepatic steatosis and ballooning, mild or no inflammatory changes, and no progression in the NAFLD Activity Score (NAS). Consequently, “an improvement of ≥1-stage hepatic fibrosis without worsening of MASH” is defined by three criteria: (1) a ≥1-stage reduction in hepatic fibrosis; (2) no worsening of steatosis, ballooning, or lobular inflammation; and (3) no progression in the NAS (26, 27, 69).

[image: Flowchart illustrating the identification and screening process of studies. A total of 1,681 records were identified from 5 databases,, reduced to 1,549 after removing 132 duplicates. After screening, 1,473 records were excluded. Of 76 sought reports, 24 lacked full text and 15 were reviews. 37 reports were assessed, with 27 excluded due to reasons like lack of pathological findings or absence of major indicators. 6 studies were included.]
Figure 1 | Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram. (Source: Page MJ, et al. BMJ 2021;372: n71. doi: 10.1136/bmj.n71. This work is licensed under CC BY 4.0. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/).




2.5 Risk of bias assessment

The risk of bias for each included study was independently assessed by two researchers, who were not involved in the studies, using the Cochrane Risk of Bias Tool 2.0 (RoB-2) (28). This tool evaluates bias across six domains: selection bias, performance bias, detection bias, attrition bias, reporting bias, and other potential sources of bias. Judgments were categorized as low risk, some concerns, or high risk of bias. All included studies were rated as high quality, with a low risk of bias (Figure 2, Supplementary Material 3).

[image: A bias assessment table for various studies. Columns represent types of bias: selection, performance, detection, attrition, reporting, and other bias. Rows list studies: Armstrong 2016, Arun J Sanyal 2025, Loomba 2023, Loomba 2024, Newsome 2021, Sanyal 2024. Green plus signs indicate low risk, yellow question marks for unclear risk.]
Figure 2 | Risk of bias summary of studies included in the meta-analysis (Cochrane RoB 2.0 tool).




2.6 Statistical analysis

Statistical analyses were conducted using Stata version 18 and Review Manager (RevMan) version 5.4.1 (29, 30). A meta-analysis was conducted by pooling data from the included RCTs to compare the effectiveness of GLP-1RAs and dual agonists in resolving MASH and improving hepatic fibrosis. Pooled Odds Ratios (OR) were computed across the studies. If the I² value was no more than 50% and P > 0.05, indicating that heterogeneity was negligible, the fixed-effect model was used; otherwise, a random-effects model was used to pool the data (31). Standard Deviation (SD) is required for performing the meta-analysis. However, most of the studies included in this meta-analysis did not provide SDs but only a Standard Error (SE) or a 95% Confidence Intervals (CIs). Therefore, we employed a formula outlined in the Cochrane Handbook for Systematic Reviews of Interventions to calculate SDs (32).

Effect sizes and their corresponding 95% CIs were extracted from the primary trial reports and any additional data sources, including Supplementary Appendices. For dichotomous outcomes, ORs were computed (e.g., for the primary outcome and GI adverse events), while Weighted Mean Differences (WMDs) were used for continuous outcomes (e.g., body weight), with both accompanied by 95% CIs. Heterogeneity between included studies was evaluated using the I Squared(I 2) statistic and visual inspection of forest plots (33, 34).





3 Results



3.1 Characteristics of included studies

A total of 1,681 publications were identified through the initial search. After title and abstract screening, 76 articles were deemed eligible for full-text review. Of these, 37 underwent full-text assessment, and ultimately, six RCTs involving 1,726 participants were included in the analysis (35–40). Of the included studies, participants received once-daily subcutaneous injections of liraglutide (GLP-1RAs) at a dose of 1.8 mg, with an intervention period of 48 weeks (35). In other studies, participants were administered once-daily subcutaneous semaglutide (GLP-1RAs) at doses of 0.1 mg, 0.2 mg, or 0.4 mg, with an intervention period of 72 weeks (36). Furthermore, both studies employed once-weekly subcutaneous semaglutide at a dose of 2.4 mg, with intervention periods of 48 weeks (37) and 72 weeks (40). In addition, participants were administered once weekly subcutaneous tirzepatide (GLP-1/GCG dual agonist) at doses of 5 mg, 10 mg, or 15 mg, with an intervention period of 52 weeks (38), or once weekly subcutaneous survodutide (GLP-1/GIP dual agonist) at doses of 2.4 mg, 4.8 mg, or 6.0 mg, with an intervention period of 48 weeks (39). All studies were phase II trials, except for the study by Arun J. Sanyal (40), which was a phase III trial of semaglutide (35, 39). Specifically, there were six multicenter studies, with North America, Europe, and the Western Pacific being the top regions where the RCTs were conducted. The mean age of participants was 54.39 ± 11.03 years, and the mean BMI was 35.55 ± 6.25 kg/m². The study population comprised 43% males and 57% females. Among MASH patients, 35.63% were classified as F2 and 55.85% as F3 for hepatic fibrosis stage. In addition, 50% of participants had comorbid T2DM, and the average intervention duration was approximately 57 weeks (Table 1).


Table 1 | Baseline characteristics of the included studies.
	Study
	Patient characteristics
	Dose and duration
	Primary outcome
	Adverse events



	1. Armstrong (35) et al. (2016) UK
	average age of patients with hepatic biopsy confirmed MASH and hepatic fibrosis: 51 years; 60% male; BMI: 35.9 ± 5.4; percentage of comorbid diabetes mellitus: 32%; ALT: 71 IU/L; AST: 51 IU/L; F0 -F2 (histologically) 48%; hepatic fibrosis F3 -F4 (histologically) 52%; TC: 173mg/dL; TG: 168 mg/dL; LDL-C: 100 mg/dL
	A. Liraglutide 1.8 mg/day (n = 26)
B. Placebo (n = 26) Duration of intervention: 48 weeks
	MASH histologic resolution: 39% vs 9% p=0.019; improvement in hepatic tissue hepatic fibrosis by 1 point or more with no worsening of MASH: 26% vs 14% p=0.46; change from baseline in ALT: -26.6 vs -10.2UI/L, p = 0.16; change in AST: -15.8 vs -8.6IU/L; p = 0.29; change in weight: -5.3 vs -0.6kg, p = 0.003
	The incidence of adverse events in the liraglutide treated and placebo groups, was nausea (46% vs. 38%), diarrhea (38% vs. 19%), and vomiting (19% vs. 12%).


	2. Newsome (36) et al. (2020) International cohort of individuals from 16 countries
	average age of patients with hepatic biopsy confirmed MASH and hepatic fibrosis: 55 years; 339% male; body weight:97.37zf521.07; BMI: 35.7 ± 6.4; percentage of comorbid diabetes mellitus: 37%; ALT:54IU/L; AST: 43IU/L; F2-F3 (histologically) 57%; TC: 186mg/dL; TG: 167mg/dL; LDL-C: 105mg/dL
	A. Semaglutide 0.1 mg/day (n = 80)
B. Semaglutide 0.2 mg/day (n = 78)
C. Semaglutide 0.4 mg/day (n = 82) D. Placebo (n = 80)
Duration of intervention: 72 weeks
	The proportion of patients with NASH resolution without worsening of hepatic fibrosis was 40% in the 0.1 mg group, 36% in the 0.2 mg group, 59% in the 0.4 mg group, and 17% in the placebo group (p < 0.001 for 0.4 mg vs. placebo). The proportion of hepatic tissue hepatic fibrosis improving by 1 point or more with no worsening of MASH was 49% in the 0.1 mg group, and 32% in the 0.2 mg group. 43% in the 0.4 mg group and 33% in the placebo group (0.4 mg vs. placebo p = 0.48). Thirty seven percent of patients in the 0.4 mg group and 15% of patients in the placebo group experienced resolution of MASH and improved hepatic fibrosis stage. Treatment with Semaglutide resulted in a dose dependent reduction in serum ALT and AST levels, with a average weight loss of 13% in the 0.4 mg group and 1% in the placebo group (p < 0.001).
	The incidence of adverse events in the survodutide treated and placebo groups, was nausea (36% vs. 11%), diarrhea (25% vs. 14%), and vomiting (17% vs. 2%).


	3. Loomba (37) et al. (2023) International cohort of individuals from 38 countries
	The average age of patients with hepatic biopsy confirmed MASH and hepatic fibrosis: 59 years old; 31% male; body weight: 95.2 ± 19.7; BMI: 35 ± 5.9; percentage of comorbid diabetes mellitus: 74%; ALT: 42 IU/L; AST: 43 IU/L; TC: 177 mg/dL; TG: 168 mg/dL; LDL-C: 100 mg/dL
	A. Semaglutide 2.4 mg/day (n = 47)
B. Placebo (n = 24)
Length of intervention: 48 weeks
	NASH resolution without worsening of hepatic fibrosis:34% VS 21%; p=0.29; improvement of hepatic tissue hepatic fibrosis by 1 point or more with no worsening of MASH: 11% VS 29% p=0.087; ALT: -20.2 VS 1.9 IU/L, p=0.009; AST: -16.0 VS 1.5 IU/L; change in body weight: -8.83 VS - 0.09kg/m2; p<0.0001;
	The incidence of adverse events in the liraglutide treated and placebo groups, was nausea (45% vs. 17%), diarrhea (19% vs. 8%), and vomiting (17% vs. 0%).


	4. Loomba (38) et al. (2024) International cohort of individuals from 10 countries
	The average age of patients with hepatic biopsy confirmed MASH and hepatic fibrosis was 54 years; 43% male; body weight:99.8 ± 21.5; BMI: 36.1 ± 6.1; the proportion of comorbid diabetes mellitus: 42%; ALT:61IU/L; AST: 50IU/L; TG: 171mg/dL; LDL-C: 106mg/dL
	A. Tirzepatide 5mg/day (n=47) B. Tirzepatide 10mg/day (n=47)
C. Tirzepatide 15mg/day (n=48) D. Placebo (n=48)
Length of intervention: 52weeks
	Proportion of patients with MASH resolution without worsening of hepatic fibrosis 44% in the 5mg group; 56% in the 10mg group; 62% in the 15mg group; and 10% in the placebo group; (p < 0.001 for 15mg vs. placebo); Proportion of patients with improvement in hepatic tissue hepatic fibrosis of 1 point or more with no worsening of MASH 55% in the 5mg group; 51% in the 10mg group; 51% in the 15mg group ( 15mg vs. placebo p < 0.001); 30% in placebo group; Proportion of patients with improvement in MASH with concomitant improvement in hepatic tissue hepatic fibrosis of 1 point or more 55% in the 5mg group; 51% in the 10mg group; 51% in the 15mg group; and 30% in the placebo group (p < 0.001 for 15mg vs. placebo); ALT change:-51.6 in the 5mg group vs. 5.6UI/L in the 5mg group, -56.0 vs -5.6UI/L in the 10mg group; -56.7 vs -5.6UI/L in the 15mg group, all p < 0.01; AST change: -42.1 vs -3.8UI/L in the 5mg group, -47.7 vs -3.8UI/L in the 10mg group; -47.1 vs -3.8UI/L in the 15mg group, all p  < 0.01; ALT change:-42.1 vs -3.8UI/L in the 5mg group, 47.7 vs -3.8UI/L in the 10mg group; -47.1 vs -3.8UI/L in the 15mg group, all p < 0.01; body weight change: 5mg group -10.7 VS -0.8kg, 10mg group -13.3 VS --0.8kg; 15mg group -15.6 VS -0.8kg, p < 0.01
	The incidence of adverse events in the liraglutide treated and placebo groups, was nausea (38% vs. 12%), diarrhea (32% vs. 23%), and vomiting (9% vs. 2%).


	5. Sanyal (39) et al. (2024) International cohort of individuals from 25 countries
	The average age of patients with hepatic biopsy confirmed MASH and hepatic fibrosiswas 50 years; 47% male; bodyweight:100.84 ± 22.37; BMI: 35.8 ± 6.4; the proportion of combined diabetes mellitus: 61%; ALT:57UI/L; AST:47UI/L
	A. survodutide 2.4mg/day (n=73) B. survodutide 4.8mg/day (n=72) C. survodutide 6.0mg/day (n=74) D. Placebo (n=74)
Duration of intervention: 48weeks
	In the 2.4 mg, 4.8 mg and 6.0 mg, and placebo treatment groups, the percentages of participants with improved MASH and no worsening of hepatic fibrosis were 47%, 62%, 43%, and 14%, respectively; the proportions of patients with an improvement of 1 point or more in hepatic tissue hepatic fibrosisand no worsening of MASH were 34% in the 2.4 mg group, 36% in the 4.8 mg group, 34% in the 6.0 mg group, and 39.0% in the placebo group 22%; the proportion of patients with improvement in MASH and concomitant improvement in hepatic tissue hepatic fibrosis of 1 point or more was 42.5% in the 2.4 mg group; 47.2% in the 4.8 mg group; 39.2% in the 6.0 mg group; and 5.4% in the placebo group; and the change in ALT was:-35.4 vs -5.7 UI/L in the 2.4 mg group, -38.5 vs -5.7 UI/L in the 4.8 mg group; -38.5 vs -5.7 UI/L in the 6.0 mg group -38.5 VS -5.7UI/L, all p < 0.01; AST change: 2.4mg group -27.5 VS --2.4UI/L, 4.8mg group -28.3 VS --2.4UI/L; 6.0mg group -32.2 VS -2.4UI/L, p < 0.01; weight change: 2.4mg group -10.03 VS -- 0.89kg, 4.8mg group -12.96 VS --0.89kg; 6.0mg group -13.82 VS -0.89kg, p  < 0.01
	The incidence of adverse events in the survodutide treated and placebo groups, was nausea (66% vs. 23%), diarrhea (49% vs. 23%), and vomiting (41% vs. 4%).


	6. Arun J. Sanyal,
(40) et al. (2025) International cohort of individuals from 37 countries
	The average age of patients with hepatic biopsy confirmed MASH and hepatic fibrosis was 55years; 43% male; bodyweight:96.5 ± 24.55; BMI: 34.65 ± 7.15; the proportion of combined diabetes mellitus: 56%; ALT:67UI/L; AST:53UI/L
	A. Semaglutide 2.4 mg/day (n = 534)
B. Placebo (n = 266)
Length of intervention: 72 weeks
	In the 2.4 mg and placebo treatment groups, resolution of steatohepatitis without worsening of fibrosis occurred in 62.9% of the 534 patients in the semaglutide group and in 34.3% of the 266 patients in the placebo group (estimated difference, 28.7 percentage points; 95% CI, 21.1 to 36.2; P < 0.001). A reduction in liver fibrosis without worsening of steatohepatitis was observed in 36.8% of patients in the semaglutide group and in 22.4% of those in the placebo group (estimated difference, 14.4 percentage points; 95% CI, 7.5 to 21.3; P < 0.001). Additionally, the change in ALT was -52.1 U/L vs. -22.2 U/L in the 2.4 mg group (P < 0.01), the change in AST was -44.9 U/L vs. -17.1 U/L (P < 0.01), and the weight change was -10.05 kg vs. -2.0 kg (P < 0.01).
	The incidence of adverse events in the survodutide treated and placebo groups, was nausea (36% vs. 13%), diarrhea (27% vs. 12%), and vomiting (19% vs. 6%).










3.2 Effect of GLP-1RAs and dual agonists on primary outcome

A total of six RCTs including 1,726 participants were incorporated into the analysis (35–40). Compared with placebo, GLP-1RAs and dual agonists were associated with an OR of 4.51 (95% CI: 3.68 to 5.52; I² = 52.2%; p < 0.01) for achieving MASH resolution without worsening of hepatic fibrosis. The ORs for improvement in hepatic fibrosis by ≥ 1-stage without worsening of MASH was 1.78 (95% CI: 1.47 to 2.16; I² = 22.7%; p < 0.01). For achieving both MASH resolution and a ≥ 1-stage improvement in hepatic fibrosis, the OR was 7.42 (95% CI: 2.98 to 18.48; I² = 81.9%; p < 0.01) (Figure 3).

[image: Three forest plots comparing odds ratios for various drug studies. Plot A shows results for GLP-1RAs and dual agonists with an overall odds ratio of 4.51. Plot B presents differences by study groups with an overall odds ratio of 1.78. Plot C illustrates a separate analysis with an overall odds ratio of 7.42. Each plot includes confidence intervals and weight percentages.]
Figure 3 | Analysis of primary outcomes: (A) Forest plot of ORs for resolution of MASH without worsening of hepatic fibrosis; (B) Forest plot of ORs for improvement in hepatic fibrosis by ≥1-stage without worsening of MASH; (C) Forest plot of ORs for concurrent resolution of MASH and ≥1-stage improvement in hepatic fibrosis.



3.2.1 Subgroup analyses

These five studies (35–39) were analyzed to further examine the impact of weight loss on the primary outcomes; subgroup analyses were conducted based on weight loss categories: <10% (GLP-1RAs) and ≥10% (Dual agonists). For the outcome of MASH resolution without worsening of hepatic fibrosis, the <10% weight loss group (GLP-1RAs) showed an OR of 3.94 (95% CI: 2.67 to 5.81; I² = 22.5%; p < 0.01), whereas the ≥10% weight loss group (Dual agonists) demonstrated a higher OR of 23.51 (95% CI: 17.30 to 29.72; I² =0.0%; p < 0.01). Regarding the outcome of ≥1-stage improvement in hepatic fibrosis without worsening of MASH, the <10% weight loss group (GLP-1RAs) showed an OR of 1.30 (95% CI: 0.92 to 1.82; I² = 54.1%; p = 0.14), indicating no statistically significant difference. In contrast, the ≥10% weight loss group (Dual agonists) demonstrated a significant improvement, with an OR of 9.59 (95% CI: 4.01to 15.18; I² = 0.0%; p < 0.01).Except for the non-significant result observed in the <10% weight loss group (GLP-1RAs) for ≥1-stage improvement in hepatic fibrosis without worsening of MASH, all other endpoints across the respective groups showed statistically significant differences (p < 0.01). Subgroup analyses for the outcome of achieving both MASH resolution and a ≥1-stage improvement in hepatic fibrosis could not be performed due to insufficient data. Furthermore, although the study by Arun J. Sanyal et al. (2025) (40) used semaglutide 2.4 mg (a GLP-1RA) and reported weight loss of ≥10%, the relevant outcome data could not be analyzed separately. Consequently, this study was included only in the overall pooled analysis and not in any subgroup analyses (Figure 4).

[image: Four forest plots labeled A, B, C, and D, show odds ratios and effects for different studies. Each plot provides confidence intervals and weights for treatments, with summary diamonds indicating overall results. Panels highlight GLP-1RAs and Dual agonists studies. Confidence intervals and heterogeneity information are included.]
Figure 4 | Subgroup analyses of primary outcomes were conducted by categorizing patients according to weight loss: <10% weight loss (GLP-1RAs) and ≥10% weight loss (Dual agonists). The analyses included: (A) Forest plot of ORs for MASH improvement without worsening of hepatic fibrosis in the <10% weight loss (GLP-1RAs) group; (B) Forest plot of ORs for MASH improvement without worsening of hepatic fibrosis in the ≥10% weight loss (Dual agonists) group; (C) Forest plot of ORs for hepatic fibrosis improvement by ≥1 stage without worsening of MASH in the <10% weight loss (GLP-1RAs) group; and (D) Forest plot of ORs for hepatic fibrosis improvement by ≥1 stage without worsening of MASH in the ≥10% weight loss (Dual agonists) group.





3.3 Effect of GLP-1RAs and dual agonists on secondary outcomes

In these six studies (35–40), treatment with GLP-1RAs and dual agonists resulted in a significant pooled reduction in body weight compared to the placebo group, with a WMD of -8.87 kg (95% CI: -10.90 to -6.85 kg; I² = 71.5%, p < 0.01). In addition, GLP-1RAs and dual agonists demonstrated significant improvements in cardiovascular parameters, including TC (WMD = -4.15 mmol/L, 95% CI: -13.13 to 4.82, I² = 84.5%; p = 0.48) and TG (WMD = -17.70 mmol/L, 95% CI: -21.95 to -13.44, I² = 26.5%; p < 0.01). However, GLP-1RAs and dual agonists did not show a significant improvement in LDL-C levels (WMD = -0.67 mmol/L, 95% CI: -6.55 to 5.21, I² = 63.7%; p = 0.13) (Figure 5). GLP-1RAs and dual agonists also demonstrated significant improvements in hepatic enzyme levels, including ALT (WMD = -31.51 U/L, 95% CI: -38.16 to -24.86, I² = 50.4%; p < 0.01) and AST (WMD = -26.29 U/L, 95% CI: -32.82 to -19.77, I² = 63.7%; p < 0.01) (Figure 6).

[image: Four forest plots labeled A, B, C, and D compare the effect and confidence intervals of various studies and molecules, showing GLP-1RAs and dual agonists. Each plot displays effect size, confidence intervals, and weight percentage. Results vary across plots with data-specific differences in heterogeneity and overall effect estimates, indicated by diamonds and horizontal lines representing confidence intervals.]
Figure 5 | Forest plot of blood lipids levels in MASH patients treated with GLP-1RAs and dual agonists (A: body weight, B: TC, C: TG, D: LDL-C).

[image: Two side-by-side forest plots comparing the effects of molecules in studies labeled A and B. Plot A shows GLP-1 RAs and Dual agonists with specific weights, effects, and confidence intervals. Plot B presents similar categories with altered weights, effects, and intervals. Subgroup and overall heterogeneity statistics are provided.]
Figure 6 | Forest plot of hepatic enzyme levels in MASH patients treated with GLP-1RAs and dual agonists (A: ALT, B: AST).



3.3.1 Subgroup analyses

These five studies (35–39) were evaluated to further investigate the impact on LDL-C, in which a subgroup analysis revealed a significant reduction only among those with ≥10% weight loss group (Dual agonists), with an OR of –3.53 (95% CI: –10.30 to 3.24; I² = 63.1%; p = 0.04). In contrast, weight loss of <10% (GLP-1RAs) was not associated with a statistically significant improvement in LDL-C levels, with an OR of 7.99 (95% CI: –9.31 to 25.30; I² = 69.2%; p = 0.22) (Figure 7).

[image: Two forest plots analyze the effects of different treatments. Panel A shows the effects of GLP-1 receptor agonists, including Liraglutide and various doses of Semaglutide, with results centered around a zero-effect line, indicating variability in efficacy. Panel B covers dual agonists, comparing different doses of Tirzepatide and Survodutide. Each plot includes confidence intervals, effect sizes, and weight percentages, with summary diamonds at the bottom indicating overall results. Statistical heterogeneity within and between groups is noted in both panels.]
Figure 7 | Forest plot of LDL-C changes in subgroups with <10% and ≥ 10% weight loss (A: <10%, B: ≥ 10%).





3.4 GI adverse events associated with GLP-1RAs and dual agonists

In these six studies (35–40), patients treated with GLP-1RAs and dual agonists had significantly higher incidence rate of experiencing GI side effects compared to those receiving a placebo (28.31% (355/1254) VS 23.28% (193/829), OR = 3.43, 95% CI, 2.61 to 4.51, I² = 39.3%; p < 0.01). Among these adverse events, patients had a significantly higher incidence rate of experiencing nausea (41.28% (608/1473) VS 15.53% (162/1043), OR = 4.30, 95% CI, 3.50 to 5.28, I² = 0%; p < 0.01), followed by diarrhea (30.35% (447/1473) VS 16.49% (172/1043), OR = 2.47, 95% CI, 2.02 to 3.03, I² = 0%; p < 0.01) and vomiting (20.84% (307/1473) VS 3.06% (43/1403), OR = 6.20, 95% CI, 4.46 to 8.62, I² = 25.7%; p < 0.01) (Figure 8).

[image: Four forest plots comparing different GLP-1RAs and dual agonists. Each plot (A, B, C, D) shows odds ratios and confidence intervals for varying dosages and studies, with heterogeneity statistics and overall effect sizes indicated. Each plot has a center line representing no effect and horizontal lines marking confidence intervals for each study, with weights shown as percentages. Plots are titled with molecule types and include varying colored lines for different studies, with notes on heterogeneity.]
Figure 8 | Forest plot of the GI adverse events in MASH patients treated with GLP-1RAs and dual agonists, with subgroups by GI events. (A: overall GI adverse events, B: nausea, C: diarrhea, D: vomiting).




3.5 Sensitivity analysis

Sensitivity analysis using the leave-one-out method revealed substantial heterogeneity in the ORs for both MASH resolution and a ≥1-stage improvement in hepatic fibrosis (I² = 81.9%). The study by Sanyal et al. (39) was found to be the primary source of this heterogeneity. After excluding this study, heterogeneity decreased markedly (I² = 0%), while statistically significant outcomes in favor of GLP-1RAs and dual agonist therapy were maintained (OR = 2.65, 95% CI: 1.90 to 3.71, p < 0.01). Notably, despite variations in effect sizes and heterogeneity indices following the exclusion of individual studies, the pooled estimates remained statistically significant in all analyses. This consistency suggests that the results of the meta-analysis are robust.






4 Discussion

A total of 1,726 patients were included, and both GLP-1RAs and dual agonists demonstrated superior efficacy in hepatic fibrosis and resolution of MASH compared to placebo. They also had positive effects on weight loss, hepatic enzyme levels, and TC and TG levels. Notably, our analysis also showed that the degree of weight loss was a significant determinant of hepatic fibrosis improvement in MASH patients. Our analysis further demonstrated that treatment with GLP-1RAs and dual agonists had no substantial effect on LDL-C levels. Although GLP-1RAs and dual agonists do not directly lower LDL-C in patients with MASH, a significant reduction was observed in those who achieved substantial weight loss (≥10%). Conversely, weight loss of <10% was not associated with a significant decrease in LDL-C. Compared with placebo, GLP-1RAs and dual agonists significantly improved histological resolution of MASH without exacerbating hepatic fibrosis, and this finding was highly consistent across included studies. Even a modest weight loss (<10%) can positively impact MASH resolution, whereas greater weight loss (≥ 10%) is associated with a higher rate of MASH resolution and hepatic fibrosis improvement.

Hepatic fibrosis is a pathological response to chronic hepatocellular injury, characterized by excessive accumulation of ECM components (41). Without timely intervention, it can progress to cirrhosis, hepatic decompensation, or hepatocellular carcinoma, significantly increasing the risk of hepatic-related morbidity and mortality (41). Evidence indicates that patients with hepatic fibrosis have a 20% to 40% chance of developing hepatic-related complications, such as ascites and GI bleeding, within five years (42). Moreover, hepatic fibrosis is not only associated with hepatic-related complications but also independently increases the risk of cardiovascular mortality. This is due to the promotion of chronic systemic inflammation and metabolic dysregulation (43). Study shows that patients with moderate to severe hepatic fibrosis have a cardiovascular mortality rate 2 to 3 times higher than the general population. Among these patients, individuals with a Fibrosis 4 score (FIB-4) index greater than 3.25 face a 10-year cardiovascular mortality risk as high as 28.5% (44). In the early stages of hepatic fibrosis, the hepatic’s lobular structure remains intact, allowing activated hepatic stellate cells to revert to a quiescent state with appropriate intervention. Matrix metalloproteinases (MMPs) play a crucial role in degrading excess ECM, highlighting the reversible nature of early-stage fibrosis (45). Therefore, timely antifibrotic therapy not only improves hepatic-related outcomes but also mitigates cardiovascular risks by reducing systemic inflammation and metabolic disturbances. Reported reductions in cardiovascular event risks have been as high as 43% (46).

Excess body weight, particularly visceral adiposity, plays an important role in the pathogenesis of MASH by exacerbating hepatic lipid accumulation, oxidative stress, and inflammation, thereby accelerating the progression of hepatic fibrosis (47). Weight loss interventions, by reducing body weight, effectively decrease hepatic fat deposition, alleviating steatosis, the initial stage of MASH (10) (11). This weight loss-mediated effect not only mitigates lipotoxicity but also helps normalize hepatic function and reduces the production of pro-inflammatory cytokines, which are key mediators of hepatic fibrosis (48). Furthermore, the anti-inflammatory and anti-fibrotic effects of weight loss work synergistically with the direct hepatic actions of GLP-1RAs and dual agonists in activating hepatic tissue (49). Thus, modulating body weight through receptor activation represents a promising therapeutic approach, not only for promoting weight loss but also for reversing MASH and halting the progression of hepatic fibrosis.

Although GLP-1RAs and dual agonists have shown potential in improving MASH and hepatic fibrosis, the degree of weight loss plays a significant role in determining the effectiveness of these treatments. The analysis in this study revealed that treatment with GLP-1RAs and dual agonists led to significant improvements in hepatic fibrosis when weight loss was ≥ 10%. However, when weight loss was <10%, the improvement in hepatic fibrosis was not statistically significant. This suggests that the amelioration of hepatic fibrosis induced by GLP-1RAs and dual agonists may be an indirect outcome, dependent on the e degree of weight loss. Consequently, the degree of weight loss during GLP-1RA and dual agonist therapy could serve as a clinical marker to predict potential benefits for hepatic fibrosis. This finding underscores the limitation of relying solely on weight loss-mediated effects for fibrotic resolution. Therefore, there remains a significant need for direct anti-fibrotic therapies in MASH patients. This meta-analysis emphasized the distinct effects of GLP-1RAs and dual agonists on lipid metabolism in patients with MASH. The results demonstrate that GLP-1RAs and dual agonists significantly reduce TG and TC levels, but have a limited effect on LDL-C. The reduction in TG is primarily due to two mechanisms: inhibition of hepatic very Low Density Lipoprotein (VLDL) synthesis (50) and enhanced lipoprotein lipase (LPL) activity in adipose tissue (51). The decrease in TC is likely driven by reduced VLDL secretion, suppression of the Sterol Regulatory Element-Binding Protein-2 (SREBP-2) pathway (51), and synergistic metabolic effects, including improved insulin sensitivity and weight loss (52). The limited effect on LDL-C may be attributed to three factors: the absence of direct upregulation of (Low-Density Lipoprotein) LDL receptors, reduced VLDL to LDL conversion despite decreased VLDL production, and MASH related hepatic disturbances, such as downregulation of LDL receptors and impaired bile acid metabolism. These findings have important clinical implications. While GLP-1RAs and dual agonists effectively improve TG and TC metabolism in MASH patients, additional lipid-lowering strategies, such as statins, should be considered for those requiring comprehensive lipid management, particularly patients with elevated cardiovascular risk.

In addition, GLP-1RAs and dual agonists have demonstrated important hepatoprotective effects, including notable reductions in serum AST and ALT levels (53). As typical markers of hepatocellular injury and inflammation, elevated ALT and AST levels directly reflect liver cell damage (54). The studies suggest a dual mechanism of action: firstly, these agents exert direct hepatoprotective effects by reducing hepatic lipid accumulation and suppressing inflammatory responses (55); secondly, they confer beneficial effects on hepatic fibrosis (56, 57).This multi-targeted mechanism provides a strong theoretical rationale for applying GLP-1RAs and dual agonists in the treatment of MASH.

This study found that the use of GLP-1RAs and dual agonists is associated with adverse effects, including nausea, vomiting, and diarrhea, with nausea being the most frequently reported. Among the six included studies, the overall incidence of serious adverse events (SAEs) was 12%. Among GLP-1RAs, in the liraglutide treatment group (35), the incidence of SAEs was 8%. GI adverse events, including nausea (46%), diarrhea (38%), and vomiting (19%), primarily occurred during the initial 1–4 weeks of treatment, with nausea peaking in weeks 1–2 (>38%). The treatment discontinuation rate due to adverse events was 8%, including two cases discontinued because of nausea. In the semaglutide treatment group (36), the incidence of serious SAEs was 16%. GI adverse events, including nausea (36%), diarrhea (25%), and vomiting (17%), primarily occurred during the dose-escalation period (weeks 1–16). Treatment discontinuation due to adverse events was 7%, with 4% attributable to GI events. In another semaglutide study (37), the incidence of serious SAEs was 13%. GI events, including nausea (45%), diarrhea (19%), and vomiting (17%), primarily occurred during the dose-escalation period (weeks 1–16). The treatment discontinuation rate due to adverse events was 6%, with two cases due to nausea and one due to vitreous detachment. In the semaglutide treatment group (40), the incidence of serious SAEs was 13.4%. GI adverse events, including nausea (36%), vomiting (19%), and diarrhea (27%), were primarily reported during the dose-escalation phase (weeks 1–24). The treatment discontinuation rate due to adverse events was 2.6%. Among dual receptor agonists, in the tirzepatide treatment group (38), the incidence of serious SAEs was 6%, comparable to the placebo group, with no significant difference observed. GI adverse events, including nausea (38%), diarrhea (32%), and vomiting (9%), were most frequently reported during the dose-escalation phase (weeks 1–12). The treatment discontinuation rate due to adverse events was 4%. In the survodutide treatment group (39), the incidence of serious SAEs was 8%. GI adverse events were more frequent, including nausea (66%), diarrhea (49%), and vomiting (41%), primarily occurring during the rapid dose-escalation phase (weeks 1–24). These events led to treatment discontinuation in 20% of patients, of which 16% were attributable to GI events. Overall, GI reactions are the most common adverse events associated with these drugs, with average incidences of nausea, diarrhea, and vomiting of 41.28%, 30.35%, and 20.84%, respectively. Other common adverse events include hypoglycemia, occurring more frequently in patients with diabetes (3.4%–34%) than in non-diabetic individuals (0.3%–0.6%), and decreased appetite (13%–31%). SAEs, such as malignancies or cardiovascular events, have been reported occasionally, but are generally not directly attributable to the drugs.

The high incidence of these GI adverse events represents a major limitation to the widespread use of GLP-1RAs and dual agonists (58–60).Consequently, discontinuation rates across GLP-1RA- and dual agonist-based MASH therapies show substantial heterogeneity, primarily driven by their mechanisms of action, including delayed gastric emptying and altered GI motility (61, 62).

In addition, several studies have shown that nausea and vomiting are more common during the first 4–5 weeks of treatment, typically resolving within 8 days after symptom onset (63, 64). Diarrhea typically occurs during the initial 2–4 weeks of treatment. To minimize these GI side effects, clinical guidelines recommend initiating treatment at a low dose and gradually titrating to the therapeutic dose (63). Beyond GI side effects, GLP-1RAs and dual agonists have also been associated with adverse events affecting the pancreas, biliary, and nervous system (65), as well as a 27% incidence of cholelithiasis and a 36% incidence of cholecystitis (66). Neurological adverse effects primarily involve central nervous system symptoms, such as headache, with an incidence of 5–15% (67). Although these adverse events are generally rare (<5%), individual responses may vary significantly, influenced by factors such as comorbidities, baseline disease status, and treatment regimens (67). Therefore, a thorough pre-treatment risk assessment, considering factors such as obesity, weight loss history, pancreatic diseases, neurological disorders, and biliary diseases, is essential. Furthermore, regular monitoring every 12 weeks, including measurements of serum amylase and lipase, is recommended to facilitate early detection of adverse events (68).




5 Limitations

This study systematically analyzed six qualified RCTs published in The New England Journal of Medicine and The Lancet, which evaluated the therapeutic effects of GLP-1 RAs and their dual agonists in patients with MASH. Given the relatively recent clinical introduction of these agents and the strict inclusion criteria requiring hepatic biopsy for MASH diagnosis, the limited number of eligible studies may constrain the generalizability and clinical applicability of the findings. Furthermore, substantial variations in baseline characteristics, such as age, gender distribution, duration of intervention, and comorbidities, were observed across the studies. Although statistical methods were employed to control for these confounding factors, the potential impact of these differences on the final results remains considerable. In addition, discrepancies in the types of GLP-1RAs and dual agonists used and the duration of treatment further complicate comparisons of drug efficacy and limit the accurate assessment of long-term effectiveness and safety.




6 Conclusion

This meta-analysis demonstrates that GLP-1RAs and dual agonists can effectively improve hepatocellular inflammation and hepatic fibrosis in patients with MASH. Specifically, when patients achieve a weight loss of ≥10%, these drugs are associated with significant improvements in hepatic fibrosis, whereas the effect is limited in those with less than 10% weight loss. In terms of lipid management, they effectively reduce TC and TG levels. However, GLP-1RAs and dual agonists do not directly lower LDL-C in patients with MASH; a significant reduction was observed only in those who achieved substantial weight loss (≥10%), whereas weight loss of <10% was not associated with a significant decrease in LDL-C. This finding suggests that for patients requiring comprehensive cardiovascular risk management, additional lipid-lowering strategies may be needed to enhance the intervention. From the perspective of hepatoprotective mechanisms, these drugs may play a dual role by reducing hepatic steatosis and suppressing inflammatory cascade responses through lowering serum AST and ALT levels. Based on these findings, when using GLP-1RAs and dual agonists clinically to treat hepatic fibrosis, the impact of weight loss should be carefully considered, and close monitoring of LDL-C levels is recommended to reduce cardiovascular risk. In addition, the common GI side effects (e.g., nausea) associated with these therapies highlight the need for gradual dose titration and routine monitoring. Further studies are warranted to explore the long-term hepatic and cardiovascular outcomes of these therapies in patients with MASH.
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H Loomba Ronit Ticzepatide (5mg) ————%——— a2 3%
Oual agonists : Loomba Rohit Tizepatide (10mg) et 361(127,1029) 399
Loomba Rohit Tirzepatide (5mg) —_——— 486202, 11.70) 787 Loomba Roni Ticzepatide (15mg) % 544(195,1522) 343
Loomba Rohit Tirzepatide (10mg) —_—— 545223,133) 721 Sanyal suvodutide (2 4mg) ——%——  sTIE1TH 6%
Loomba Rohit Tirzopatide (15mg) ——%——— 076(362,2632) 454 Sanyal suvodutide (4 8mg) ———— 7140343148 545
Subgroup, MH (I = 0.0%, p = 0.555) e 621(367,1052) 1962 Senyel survocaide  (6.0mg) ==l ANaiis) 88
H ‘Subgroup, MH (I* = 0.0%, p = 0.888) _O 560 (397,7.90) 2893

er:‘bﬁmongmps p=0010 ' o - ;
Overall, MH (I = 39.3%, p = 0.106) 343(261,451) 10000 Oversil, MH (7 = 0.0%, p =0.558) <> 4005052 10000

Odds ratio % 0dds ratio %
Study (Molecules) (95% CI) Weight Study (Molecules) (95% CI) Weight
GLP-1RAS GLP-1RAS

Amstrong Liraglutide (1.8mg) 262(075,921) 246 Amstrong Liraglutide (1.8mg) —l—:- 1.83(0.39,859) 616
Newsome semaglutide (0.1mg) 253(1.14,563) 627 Newsome semaglutide (0.1mg) —— 827 (181,37.73) 420
Newsome semaghtide (0.2mg) 246(110,551) 624 Newsome semaglutide (02mg) i 1087 (242,4886) 393
Newsome semagutide (0.4mg) 154(067,357) ™ Newsome semeglutide (0.4mg) — 678(147,3137) 436
Loomba semaglutide (2.4mg) 261(052,1316) m Loomba semaglutide (2 4mg) 1054 (058, 19094) 000
Arun J Sanyal Semaglutide (2 4mg) 266(189,373) 3750 Anun J Sanyal Semaglutide (2.4mg) 388(244,618) 6097
Subgroup, MH (" = 0.0%, p = 0.924) 249(191,325 6138 Subgroup, MH (I = 0.0%, p = 0.509) > 463(313,6.86) 7962
Dual agonists Dual agonists H

Loomba Ronit Tizepatide (5mg) 158(063,392) 59 Loomba Rohit Tizepatide (5mg) —t e 3200323190 23
Loomba Rohit Tizepatide (10mg) 191(078,468) 556 Loomba Rohit Tirzepatide (10mg) —_— 3200323197 23
Loomba Ront Tirzepatide (15mg) 125(049,316) 642 Loomba Rohit Tirzepatide (15mg) R 802(095,6798) 217
Sanyai survodutide (2 .4mg) 234(1.14,478) 79 Sanyal survodutide (2 4mg) e 1389(398,4844) 478
Sanyal survodutide (4 8mg) 419205, 856) 59 Sanyal survodutide (4 8mg) —— 2003(577,6053) 408
Sanyal survodutide (6.0mg) 3.35(165,680) 680 Sanyal survodutide (6. 0mg) - 1525(439,5302) 464
Subgroup, MH (1* = 19.0%, p = 0.200) 2440177,33) 3862 Subgroup, MH (I = 0.0%, p = 0.620) < 1233(663,2293) 2038
Heterogeneity between groups: p = 0.924 Heterogeneity between groups: p = 0.009 H

Overall, MH (I = 0.0%, p = 0.751) 247(202,303) 10000 Overall, MH (I = 25.7%, p = 0.191) <> 620(446,862) 10000
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Amstrong Liraglutide (1.8mg) —:--— 643(120,34.41) 134 Amstrong Liraglutide (18mg) 224(048, 10.35) 142
Newsome semaglutide (0.1mg) — 344(163,723) 841 Newsome semaglutide (0.1mg) 198(1.04,375) 835
Newsome semaglutide (0.2mg) — 289(1.36,613) 887 Newsome semaglutide (02mg) 092(047,181) 114
Newsome semaglutide (0 4mg) EE 728(348,1523) 580 Newsome semaglutide (0.4mg) 155082,203) 948
Loomba semaglutide (2.4mg) 196(062,623) an Loomba semaglutide (2 4mg) 029(008, 1.04) 519
Asun J Sanyal Semaglutide (2 4mg) 326(240,4.44) 4858 Arun J Sanyal Semaglutide (2 4mg) 199(142,279) 3178
Subgroup, MH (I = 12.2%,p = 0.337) d 352(276,448) 81 Subgroup, MH (I = 57.2%, p = 0.040) 162(1.28,2.06) 6733

: H

Dual agonists H Dual agonists H
Loomba Rohit Tirzepatide (5mg) ——— 815251,2640) 245 Loomba Rohit Tizepatide (5mg) e 276(1.18,6.43) 406
Loomba Rohit Tirzepatide (10mg) L 13620421,4408) 191 Loomba Rohi Tizepatide (10mg) 233(1.00,542) a3
Loomba Rohi Tizzepatide (15mg) |——%—— 1679685041 171 Loomba Rohit Tizepatide (15mg) 243(105,563) 43
Sanyal suvodutde (24mg) —— 558248, 1250 572 Sanyal suvodutide (2.4mg) 178085371 669
Sanyal survodutide (4.8mg) —a— 10.08 (4.44, 2278) 414 Sanyal survodutide  (4.8mg) 1.93(0.92,4.03) 646
Sanyal survodutide (6.0mg) — 461205,1038) 627 Sanyal suvodutide (6.0mg) 185(089,385) 664
211(153,200) 3267

Subgroup, MH (I =2.8%, p = 0.398) é<> 7.98 (5,45, 11.69) 219 Subgroup, MH (I = 0.0%, p = 0.967)
H
|

Heterogeneity between groups: p = 0.000
Overall, MH (I = 522%,p = 0.018) 0 451(368,55) 10000

Heterogeneity between groups: p = 0.203
Overall, MH (1" = 22.7%, p = 0.220)
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Newsome semaglutide (0.4mg) —.-—-f 327(153,699) 2215
Arun J Sanyal Semaglutide (2.4mg) - E 253(174,367) 2508
Subgroup, DL (I = 0.0%, p =0552) <> i 265(190,371) 4722
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Dual agonists E
Sanyal survodutide (2.4mg) —é—o— 1747(503,6066) 1759
Sanyal survodutide (4.8mg) -:—l— 2003(577,6953) 1760
Sanyal survodutide (6.0mg) —é—!— 1525(439,5302) 1759

Subgroup, DL (I° = 0.0%, p = 0.955)

<> 17.48(852,3586) 5278

Heterogeneity between groups: p = 0.000

Overall, DL (1 = 81.9%, p < 0.001) @ 742(298,1848) 10000
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Amstrong Liraglutide (1.8mg) -1640(:3693,413) 668 Amstrong Liraglutide (1.8mg) 120(201,761) 829
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Nevsome semaguice (02mg) A010(3688,1668) 42 Newsone senaguide (02ng) 900(346,154) AT
Newsone semaglide (04mg) NRUIRITD) 48 Newsome senaguide (04mg) 1500(30999%) 463
Loomba semaghtde (24mg) 210(78.74) 90 Loomba semagtde (24mg) A150(2882, 618 1008
An  Senyel Semaglte (24mg) - 28903116, 2680 1505 A Sanya Semaguide (24mg) -+ 016204 271
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Leonko Rt Trzpee 5~ ———+ 46008330, 2881 815 e BNSIH,B2) 018
Loomba Rohi Trzepatde (f0mg) ~ ——#——! 50406172, 308 818 Loomba Roit Tizepatde (10mg) ~ ——8—— | 057173069 905
Loomba RokitTrzepetde (15mg) ~ ——#—— 1 SU0(6716,3504 887 Loomba Rohi Tizepatde (fomg) ~ ——#—— | A320(5605205) 931
Sanalsuvodutde (2.4mg) —:|— HT0(4861459 940 Sanyalsunodude (24mg) —:I— 250(3841,179) 903
Sanyalsuvodutde (48mg) R 2804655 1905) 1030 Sanyalsunodude (48mg) e BRI 8) 967
Sanyalsunvodutde (60mg) — 20(464,1919 103 Sanyalsuvodude (6.0mg) — N8035-1608 882
Subgroup, DL =332%,p=0.187) <>: N0 NE) 5B Subgroup, DL (= 405%,p=01%) <> UMD T4 56

Heterogenety between groups: p = 0.004
Overal, DL (= 504%,p=0023)

Heterogeneity between groups: p = 0.002

-31.51(:38.16,-24.86) 10000 Overal, DL (1 =637%,p=0001) -2629(-3282,-1977)  100.00






