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Abstract
Metabolic dysfunction-associated steatotic liver disease (MASLD) poses a major global health challenge.
glucagon-like peptide-1 receptor agonists (GLP-1RAs) have shown potential therapeutic benefits for MASLD
patients, including improvements in liver function, inflammation, and fibrosis. This study aims to
systematically review and meta-analyze randomized controlled trials (RCTs) to evaluate the efficacy and
safety of GLP-1RAs in MASLD patients, focusing on hepatic outcomes, cardiovascular outcomes,
anthropometric measurements, and mortality. Following PRISMA guidelines, a comprehensive database
search was conducted to include RCTs assessing GLP-1RAs' effects on MASLD. Quality assessment was
conducted using the Revised Cochrane Risk of Bias tool. Our meta-analysis used a random-effects model,
calculating standardized mean differences for continuous outcomes to determine the agents' efficacy and
safety. Additionally, funnel plots were generated to assess publication bias, ensuring the integrity of our
meta-analytical findings. The review included 27 trials, revealing GLP-1RAs significantly improved hepatic
function markers (alanine aminotransferase, aspartate aminotransferase, gamma-glutamyl transferase, and
liver fat content) and cardiovascular risk factors (fasting blood sugar, HbA1c levels, lipid profiles).
Additionally, GLP-1RAs were associated with significant reductions in body weight, BMI, subcutaneous fat,
and waist circumference. GLP-1RAs demonstrate a promising therapeutic role in managing MASLD, offering
benefits that extend to improving liver function, mitigating cardiovascular risk, and promoting weight loss.
Further research is needed to confirm these findings and optimize GLP-1RAs' usage in MASLD treatment.

Categories: Endocrinology/Diabetes/Metabolism
Keywords: cardiovascular risk factors, glp-1 receptor agonists, hepatic outcomes, metabolic dysfunction-associated
steatotic liver disease, weight management

Introduction And Background
Metabolic dysfunction-associated steatotic liver disease (MASLD), a type of steatosis that is caused by
factors other than excessive alcohol use, poses a rising global health challenge, affecting approximately 25%
of adults worldwide [1]. The increasing prevalence highlights the imperative to grasp MASLD's profound
implications within the broader context of global health. Beyond its sheer ubiquity, MASLD intricately links
with cardiovascular events, insulin resistance, and type 2 diabetes mellitus [2,3]. Recent research reveals its
association with an elevated risk of cardiovascular events [4-9]. Simultaneously, MASLD's integral role in
the complex interplay of insulin resistance and the development of type 2 diabetes mellitus is gaining
recognition [10,11]. Literature suggests a bidirectional causal relationship between MASLD and diabetes
mellitus, emphasizing the potential influence of insulin resistance in MASLD progression [12,13]. As
MASLD's impact extends across these interconnected domains, addressing this multifaceted condition
becomes pivotal for comprehensive global health management. Moreover, with the evolving understanding
of the MASLD-insulin resistance relationship, exploring therapeutic interventions for insulin resistance or
diabetes emerges as a compelling avenue, although the exact implications remain to be fully elucidated.

In the context of diabetes management, glucagon-like peptide-1 receptor agonists (GLP-1RAs) have emerged
as a pivotal therapeutic option, presenting multifaceted benefits beyond glycemic control. Ongoing research
consistently highlights their efficacy in improving blood glucose control, preserving beta-cell function,
renoprotective effects, inducing weight loss, and enhancing insulin sensitivity [14-17]. Moreover, GLP-1RAs
extend their impact beyond glycemic control by addressing various metabolic disorders, including the
improvement of lipid profiles and reduction in blood pressure [14,17,18]. Within the context of MASLD, GLP-
1RAs proved promising in ameliorating hepatic steatosis, inflammation, and fibrosis, emphasizing their
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anti-inflammatory and anti-fibrotic properties [19-21]. These hepatic effects involve indirect pathways, such
as adaptations in plasma insulin and glucagon concentrations, improvements in hepatocyte mitochondrial
function, and enhanced hepatic insulin sensitivity. Despite conflicting results in the literature, recent
evidence may suggest that hepatocytes lack direct GLP-1 receptors [22-24]. Collectively, the diverse benefits
of GLP-1RAs position them as valuable therapeutic agents for comprehensive diabetes management,
offering potential avenues for addressing hepatic manifestations in MASLD.

While existing literature acknowledges the efficacy of GLP-1RAs in managing MASLD, there remains a gap
in our understanding that necessitates further exploration. Presently, systematic reviews on this topic exist;
however, many encompass a broader spectrum by incorporating various medications and patients with
diverse diseases [25-28]. This inclusivity, while informative, lacks the specificity needed for a focused
evaluation of GLP-1RAs' efficacy in MASLD treatment. Therefore, there is a clear need for a comprehensive
review specifically tailored to assess multiple outcomes among MASLD patients. Moreover, given the
evolving landscape of evidence in the literature, there is a compelling need for updated reviews that can
synthesize and incorporate the latest findings.

Upon those bases, this paper aims to conduct a comprehensive systematic review and meta-analysis focused
on the efficacy and safety of GLP-1RAs in the context of MASLD. By synthesizing existing evidence, our
objective is to provide a detailed assessment of the multifaceted benefits of GLP-1RAs, extending beyond
glycemic control to encompass their potential impact on hepatic manifestations in MASLD. Recognizing the
current gaps in the literature, particularly the lack of focused reviews on GLP-1RAs within the MASLD
population, this study endeavors to offer a tailored examination of outcomes specific to MASLD patients.
Furthermore, our investigation seeks to address the limitations of previous systematic reviews, often
incorporating diverse medications and patient cohorts, by homing in on the unique therapeutic potential of
GLP-1RAs. Anticipating the dynamic nature of emerging evidence, our review aims to provide an updated
and nuanced perspective on the subject. The potential implications of our findings extend beyond the
realms of diabetes management, offering a novel perspective on the role of GLP-1RAs in the broader
landscape of MASLD treatment.

Of note, our article was previously posted to the Authorea preprints server on May 16, 2024. 

Review
Methods
Search Strategy

This meta-analysis adhered to the rigorous standards outlined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [29]. To identify relevant studies, a
comprehensive search was conducted across multiple databases, including PubMed, CINAHL, Medline,
Embase, Web of Science, and PsychINFO. The search encompassed articles reporting the efficacy of GLP-
1RAs in patients with Metabolic Associated Fatty Liver Disease (MASLD). The search period spanned from
the inception of the databases through January 10, 2024.

A systematically developed keyword strategy, collaboratively refined by the coauthors, was employed for the
database search. The details of the keyword strategy are provided in Appendix A. This strategy aimed to
capture studies investigating the impact of GLP-1RAs on MASLD patients, including mortality,
cardiovascular outcomes, and hepatic outcomes.

Eligibility and Selection Criteria

The study selection process adhered to predetermined eligibility criteria to ensure the relevance and
reliability of included studies. Inclusion criteria encompassed studies conducted in English, reporting
primary outcomes related to the efficacy, safety, or treatment outcomes of GLP-1RAs in patients with
MASLD. Only randomized controlled trials (RCTs) were considered, with a focus on adult participants (18+
years old) diagnosed with MASLD. Full-text availability and peer-reviewed status prior to final publication
were additional criteria for inclusion.

Exclusion criteria included studies lacking peer review, those with inaccessible full texts or written in
languages other than English, and non-RCT study designs such as literature reviews, case reports, case
series, or those conducted in animal models. Pediatric populations and studies unrelated to MASLD or GLP-
1RAs were also excluded. Appendix B provides detailed information on the criteria, ensuring transparency
and facilitating a comprehensive understanding of the selection process.

Data Extraction

Relevant data extraction was conducted by two independent authors using a predefined template. This
template systematically captured essential information pertaining to study characteristics, encompassing
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sample size, country of origin, and study design. Qualitative extraction was employed for baseline
information, ensuring a comprehensive inclusion of relevant details.

For therapeutic regimen and treatment outcomes, a quantitative approach was adopted. Specifically, the
template included details on the therapeutic regimen of the treatment methods and comprehensive
treatment outcomes. These outcomes comprised changes in body composition, metabolic parameters,
cardiovascular outcomes (e.g., triglyceride, cholesterol levels), and hepatic outcomes (e.g., aspartate
aminotransferase [AST] and alanine aminotransferase [ALT] levels).

In instances where mean values and standard deviations for continuous variables were not provided,
estimates were derived using established formulas [30,31]. To enhance the reliability of the data, a rigorous
validation process was implemented. An independent third author conducted blind checks of the data, and
any disparities were resolved through consensus among the authors. This dual approach, combining
qualitative extraction for baseline information and quantitative extraction for specific outcomes, ensured a
thorough and accurate compilation of data for subsequent meta-analysis.

Quality Assessment

The quality assessment of included RCTs was performed using the Revised Cochrane Risk of Bias tool (RoB2)
developed by the Cochrane Collaboration and modified to ensure standardized scoring [32]. This tool is
recognized for its comprehensive evaluation of key domains, ensuring a robust assessment of the
methodological quality of each study.

Two independent reviewers conducted the quality assessment, with any discrepancies resolved through
discussion and consensus. The RoB2 tool was applied to appraise the risk of bias in the following domains:
randomization process, deviations from intended interventions, missing outcome data, measurement of the
outcome, and selection of the reported result. Each domain was evaluated for low, some concerns, or high
risk of bias, providing a nuanced understanding of the overall study quality.

Statistical Analysis

For the quantitative synthesis, values of standardized mean differences were computed for continuous
outcomes, providing a standardized metric for the comparison of effect sizes across diverse studies. The
statistical analyses were conducted using R version 4.3.1 (R Foundation for Statistical Computing, Vienna,
Austria), leveraging specialized packages such as MetaInsight and Meta-Mar for modeling and visualization
of the synthesized data [33]. The comprehensive approach included the generation of forest plots, allowing
for a visual representation of individual study effect sizes and their overall combined effect. Additionally,
funnel plots were constructed to assess publication bias, offering insights into the symmetry of the
distribution of study effects. The meta-analysis employed a random-effects model to account for potential
variability across studies. Heterogeneity assessment was conducted using both the chi-square and I-square
tests. The chi-square test determined the presence of heterogeneity, while the I-square test quantified the
degree of heterogeneity.

Ethical Approval and Funding

For this systematic review, ethical approval is considered unnecessary since the data are derived from pre-
existing literature. The studies included in this review underwent ethical review and clearance by their
respective primary investigators before data collection. Additionally, this work received no funding.

Results
Study Selection

In the systematic review, our search strategy across six databases (Web of Science, MEDLINE, CINAHL,
Embase, PsychINFO, and PubMed) resulted in the identification of 358 records. After the removal of 205
duplicates using Endnote, 153 records were screened, leading to the exclusion of 118 records. Of the 35 full-
text articles assessed for eligibility, eight articles were excluded for various reasons including lack of relevant
outcomes, qualitative data only, incorrect publication type, and unavailability of full text, leaving 27 studies
included in the synthesis and data extraction. A total of 27 trials were included, with four trials reporting
two analyses (e.g., different control groups) [27,34-36]. Figure 1 shows the study selection process according
to the PRISMA guidelines.
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FIGURE 1: PRISMA study selection flow diagram.
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Characteristics of Included Studies

The included RCTs encompassed a diverse population of patients with MASLD. The characteristics of the
included studies are summarized in Table 1. The included studies reveal significant diversity in design,
geography, and patient demographics, investigating the impact of GLP-1 agonists on MASLD across various
global locations including Denmark, the UK, Japan, the USA, China, Singapore, India, Greece, Canada, and
more. These studies encompass a range of RCTs, open-label, and retrospective analyses, with patient
populations varying from small pilot studies to larger multicenter trials. The interventions primarily focused
on GLP-1 agonists such as semaglutide, liraglutide, exenatide, and dulaglutide, with durations ranging from
12 to 72 weeks.

Study/year Location Study type

Total

patient

population/

sample

size

Demographics
Drugs used/patient

group/treatment and control

Intervention/

duration

dose,

Additional

diagnosis for

patients

Diagnostic

method
Adverse events

Outcomes/main

findings

Limitations if

any

Flint et al.,

(2021) [37]
Denmark

Randomized,

double-blind,

placebo-

controlled trial

Total 67

with

semaglutide

0.4 mg (n =

34) and

placebo (n

= 33)

Subjects aged

18-75 years,

with a BMI of

25-40 kg/m2,

liver stiffness of

2.50-4.63 kPa

measured by

MRE and >4.0

kPa measured

via vibration

controlled

transient

elastography

(VCTE)

Subcutaneous semaglutide 0.4

mg once daily or placebo for 72

weeks

72 weeks No MRE

Decreased

appetite,

Diarrhea, nausea,

vomiting,

nasopharyngitis,

constipation,

abdominal pain

upper, dizziness,

flatulence,

eructation,

headache,

fatigue, early

Reductions in

liver steatosis

were significantly

greater with

semaglutide, and

more subjects

achieved a ≥30%

reduction in liver

fat content with

semaglutide at

weeks 24, 48,

and 72.

Decreases in liver

enzymes, body

weight, and

Few subjects

(15% overall)

had advanced

disease/a high

degree of liver

stiffness (≥3.64

kPa) at baseline,

which may have

made it difficult

to detect a

decrease in liver

stiffness.
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(FibroScan®,

EchoSens,

Paris, France)

satiety
HbA1c were also

observed with

semaglutide.

Newsome

et al.,

(2021) [38] 

UK
Placebo-

controlled trial
320 patients

18 to 75 years

of age (20 to 75

years of age in

Japan), with or

without T2DM,

and a BMI of

>25 kg/m2 at

screening.

Once-daily subcutaneous

semaglutide at a dose of 0.1,

0.2, or 0.4 mg or corresponding

placebo

72-week T2DM

Biopsy-

confirmed

NASH and liver

fibrosis of stage

F1, F2, or F3

Gastrointestinal

disorders

(nausea,

constipation,

decreased

appetite,

vomiting, and

abdominal pain)

An improvement

in fibrosis stage

occurred in 43%

of the patients in

the 0.4-mg group

and in 33% of the

patients in the

placebo group

Interobserver

variability, as

well as a lack of

long-term

clinical

outcomes

Eguchi et

al.,

(2015) [39]

Japan Pilot study 27

Age (years)

54.1 ± 12.3,

BMI 31.6 ± 4.9

kg/m2, sex

(female/male)

16/11

Liraglutide at 0.9 mg/body per

day for 24 weeks
24 weeks No Liver biopsy No

Treatment with

liraglutide had a

good safety

profile and

significantly

improved liver

function and

histological

features in NASH

patients with

glucose

intolerance

Open-label

design, short

treatment period

and the small

numbers of

patients

Loomba et

al.,

(2023) [40]

USA

Double-blind,

placebo-

controlled

phase 2 trial

71

Age 59.5 years

(SD 8.0) and

mean BMI of

34.9 kg/m², 49

(69%) patients

were female

and 22 (31%)

were male.

Once-weekly subcutaneous

semaglutide 2.4 mg or visually

matching placebo

48 weeks T2DM Biopsy

Gastrointestinal

adverse events

were mild-to-

moderate

transient nausea,

diarrhea, and

vomiting

Semaglutide did

not significantly

improve fibrosis

or achievement

of NASH

resolution versus

placebo.

Relatively small

size

Armstrong

et al.,

(2015) [41]

UK

Multicenter,

double-

blinded,

randomized,

placebo-

controlled

phase 2 trial

26+26
Age 50 -52

years,

Subcutaneous injections of

liraglutide (1∙8 mg daily)
48 weeks T2DM Liver biopsy

Gastrointestinal

disorders

Liraglutide was

safe and well

tolerated, and led

to histological

resolution of non-

alcoholic

steatohepatitis,

warranting

extensive, longer-

term studies

Sample size

Feng et al.,

(2017) [42]
China

Randomized

trial
87

Age 18–70

years, HbA1c

7.0–14.0%, BMI

20–38 kg/m2

For the metformin group (n =

31), the treatment regimen

started with 250 mg three times

daily in the first week, increased

to 500 mg three times daily in

the second week, and then

adjusted to 1,000 mg twice

daily from the third week until

the study ended. In the

gliclazide group (n = 31),

participants began with a 30

mg dose before breakfast,

which was gradually increased

to a maximum of 120 mg per

day to maintain fasting capillary

plasma glucose levels below

7.0 mmol/L. The liraglutide

group (n = 31) started with 0.6

mg per day in the first week,

progressed to 1.2 mg per day

in the second week, and

24 weeks Diabetes

Ultrasonography

hepatic/renal

[H/R] ratio

Appetite

suppression,

nausea, diarrhea,

abdominal

distension, and

temporary rash at

the injection site

Compared to

liraglutide and

metformin,

gliclazide showed

less improvement

in liver function,

smaller

reductions in

intrahepatic fat

content and

HbA1c levels,

and resulted in

less weight loss

The authors

acknowledge

that the sample

size in this study

was limited.

Additionally, due

to budgetary

constraints, they

did not employ

1H-MRS, which

is recognized as

the gold

standard for

evaluating

intrahepatic fat.
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reached 1.8 mg per day from

the third week onwards until

the study was completed.

Khoo et al.,

(2017) [43]
Singapore

Pilot

randomized

trial

24

Obese (BMI ≥

30 kg/m2, mean

weight 96.0 ±

16.3 kg) non-

diabetic Asian

adults

Liraglutide was started at 0.6

mg daily and increased by 0.6

mg weekly until 3 mg was

reached at the end of 4 weeks

and maintained for the next 22

weeks

26 weeks No ALT, AST, MRI
Gastrointestinal

problems

Weight loss

induced with

liraglutide 3 mg

daily is as

effective as a

structured

lifestyle

intervention for

reducing severity

of NAFLD in

obese Asian

adults

Hepatic

steatosis and

steatohepatitis,

respectively

Khoo et al.,

(2019) [44]
Singapore

Randomized

trial
30

Mean age 40.7

± 9.1 years,

BMI 33.2 ± 3.6

kg/m2, 90%

male

liraglutide 3 mg daily and a

group with energy restriction

plus moderate-intensity

exercise to induce ≥5% weight

loss

26 weeks No MRI
Gastrointestinal

adverse effects

Liraglutide was

effective for

decreasing

weight, hepatic

steatosis, and

hepatocellular

apoptosis in

obese adults with

NAFLD, but

benefits were not

sustained after

discontinuation,

in contrast with

lifestyle

modification

The authors

noted the short

duration of the

study, small

sample size,

absence of a

control group,

and reliance on

MRI and serum

liver

transaminases

as surrogates for

liver biopsy in

assessing

hepatic

steatosis and

steatohepatitis,

respectively.

Liu et al.,

(2020) [45]
China

Randomized

controlled

multicenter

clinical trial

76

Aged 18−70,

BMI >24 kg/m2,

glycated

hemoglobin A1c

(HbA1c) level

between 7%

and 10%

Subcutaneous exenatide

(Byetta) 5 μg twice daily for 4

weeks and 10 μg twice daily for

20 weeks, or subcutaneous

insulin glargine (Lantus) for 24

weeks

24 weeks T2DM

Magnetic

resonance

spectroscopy,

FIB-4 index

Hypoglycemia

Both exenatide

and insulin

glargine reduced

LFC in patients

with drug-naive

T2DM and

NAFLD; however,

exenatide

showed greater

reductions in

body weight,

visceral fat area,

liver enzymes,

FIB-4,

postprandial

plasma glucose,

and LDL-C

open-label trial

design may

have introduced

bias, lack of

individual

assessment of

dietary and

exercise

changes

although dietary

and exercise

guidance have

been given to

patients.

o et al.,

(2014) [46]
China

Randomized

study
60

age 20–70

years; BMI ≥ 28

kg/m2

The exenatide treatment group

(n=30) were treated with

exenatide and insulin glargine,

and the intensive insulin

therapy group (n=30) were

treated with insulin aspart and

insulin glargine for 12 weeks

12 weeks T2DM
Abdominal

ultrasound

Mild-to-moderate

gastrointestinal

side effects

Exenatide has a

better hepatic–

protective effect

than intensive

insulin therapy

and perhaps

represents a

unique option for

adjunctive

therapy for

patients with

obesity, non-

alcoholic fatty

liver disease with

Only 60 subjects

were recruited
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elevated liver

enzymes and

T2DM

Yan et al.,

(2019) [47]
China

Open-label,

active-

controlled,

parallel-

group,

multicenter

trial

 

Aged 30-75

years with

T2DM and

HbA1c levels

between 6.5%

and 10%

Subcutaneous liraglutide 1.8

mg once daily, oral sitagliptin

100 mg once daily, or

subcutaneous insulin

glargine at bedtime plus

metformin for 26 weeks

26 weeks T2DM

Clinically

diagnosed

NAFLD with

MRI

Gastrointestinal

disorders,

headache,

toothache

Combined with

metformin, both

liraglutide and

sitagliptin, but not

insulin glargine,

reduced body

weight, IHL, and

VAT in addition to

improving

glycemic control

in patients with

T2DM and

NAFLD

Lack of a

placebo control

was a weakness

of our study,

and the open-

label trial design

may have

introduced bias

ng et al.,

(2020) [48]
China

Single-center,

open-label,

prospective,

and

randomized

trial

60

Age of 18—70

years,

glycosylated

hemoglobin A1c

(HbA1c) of 7.0-

14%, Body

mass index

(BMI) of 20—35

kg/m2

For the liraglutide group (n =

30), the dosage was 0.6

mg/day during the first week,

1.2 mg/day from the second

week until the conclusion of the

study.

24 weeks T2DM

1H-MRS on a

1.5 T whole-

body MRI

scanner

Gastrointestinal

reactions include

poor appetite,

nausea, vomiting,

acid reflux,

abdominal pain,

bloating, and

diarrhea

Liraglutide

promotes a larger

decrease in the

hepatic fat

content and

fetuin-A than

pioglitazone in

patients with

T2DM and

NAFLD

Sample size was

small and

specific to older

adults with

T2DM

Bi et al.,

(2014) [34]
China

Randomized

study
33

52.7 ± 1.7

years of age,

with a BMI of

24.5 ± 0.5

kg/m2, HbA1c

8.7 ± 0.2%

Exenatide, the initial dose was

5 mg twice daily and titrated to

a maximum 10 mg twice daily

at week 4 and maintained

throughout the course of the

trial

24 weeks T2DM MRS Not reported

In patients with

drug-naive

T2DM, liver fat

content can be

significantly

decreased

irrespective of

using exenatide,

insulin, or

pioglitazone

therapy. Early

metabolic control,

including

glycemic control

and weight

reduction, plays

an important role

in slowing

progression of

fatty liver in

T2DM.

Smaller number

of subjects that

might weaken

the statistical

power

Guo et al.,

(2020) [35]
China

Randomized

placebo-

controlled trial

96

Age 30–60

years, BMI > 25

kg/m2 at

screening

Subcutaneous injection of

liraglutide at a starting dose of

0.6 mg 1/ day and increased by

weekly forced titration to 1.8

mg

26 weeks T2DM
Clinically

diagnosed

Nausea,

abdominal

distension,

diarrhea and rash

After 26 weeks of

treatment,

compared to the

placebo group, in

the liraglutide

and insulin

glargine groups,

IHCL significantly

decreased from

baseline to week

26. SAT and

VAT decreased

significantly in the

liraglutide group

and in the insulin

glargine group.

Liver

histopathological

biopsy was not

used to evaluate

the liver fat

content of

patients; Also,

the number of

patients included

is still small (n =

91)
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Kuchay et

al.,

(2020) [49]

India

Open-label,

parallel-

group,

randomized

controlled trial

64
Age 48.1 ± 8.9

years, 45 males

Dulaglutide 0.75 mg by

subcutaneous injection each

week for 4 weeks, then 1.5 mg

weekly for 20 weeks plus

standard treatment for T2DM

24 weeks T2DM

MRI-derived

proton density

fat fraction-

assessed LFC

of ≥6.0% at

baseline

Gastrointestinal

Dulaglutide

significantly

reduces LFC and

improves GGT

levels in

participants with

NAFLD. There

were non-

significant

reductions in

PFC, liver

stiffness, serum

AST and serum

ALT levels.

Authors did not

use placebo in

the control

group

Smits et al.,

(2016) [36]
Netherlands

Randomized

placebo-

controlled trial

52

Age 62.7 ± 6.9

years, HbA1c

7.3 ± 0.7% or

56± 1 mmol/mol

Liraglutide 1.8 mg taken once

daily in the evening.
12 weeks T2DM 1H-MRS

Dizziness and

daytime urinary

frequency

Twelve-week

liraglutide or

sitagliptin

treatment does

not reduce

hepatic steatosis

or fibrosis in

T2DM

Sample size was

small, it is

unlikely that a

larger trial would

have yielded

different results

given the

minimal

between-group

differences

Tang et al.,

(2015) [50]
Canada

Randomized

trial
35

Age 60.7 ± 16.1

years; BMI 31.3

± 4.1 kg/m2

Liraglutide was started on 0.6

mg subcutaneously per day

and increased by weekly forced

titration to 1.8 mg or the

maximal tolerated dose

12 weeks T2DM MRI

Nausea, diarrhea,

vomiting,

headaches

Improvements in

the liver fat

fraction and

glycemia control

were not

significantly

different from

those in the

liraglutide group.

The choice of

MR rather than

liver biopsy as

the reference

standard

Alkhouri et

al.,

(2022) [51]

USA

A

randomized,

open-label

phase II trial

108
Aged 18–75

years

Semaglutide plus cilofexor 30

mg (SEMA + CILO 30),

semaglutide plus cilofexor 100

mg (SEMA + CILO 100),

semaglutide plus firsocostat 20

mg (SEMA + FIR) or

semaglutide plus cilofexor 30

mg plus firsocostat 20 mg

(SEMA + CILO + FIR)

24 weeks No

F2–F3 on

biopsy, or MRI-

proton density

fat fraction

(MRI-PDFF)

Grade 3 diarrhea

and vomiting

Treatment

resulted in

additional

improvements in

liver steatosis

and biochemistry

vs. semaglutide

alone

Trial enrolled

small numbers

of patients

across 5

treatment

groups, was

open label, and

lacked a

placebo-

controlled group

Gastaldelli

et al.,

(2022) [52]

USA

Randomized,

open-label,

parallel-

group, phase

3 SURPASS-

3 trial

296

BMI of at least

25 kg/m², stable

weight

Subcutaneous injection once

per week of tirzepatide 5 mg,

10 mg, or 15 mg, or

subcutaneous injection once

per day of titrated insulin

degludec

52 weeks T2DM MRI scan Not reported

Tirzepatide

showed a

significant

reduction in LFC

and VAT and

ASAT volumes

compared with

insulin degludec

in this

subpopulation of

patients with

T2DM in the

SURPASS-3

study.

There were no

biopsy results

available, and

therefore

associations with

histological

changes cannot

be established

Age 18 years;

patients with

T2DM on

Within the DPP-4i group, the

patients received sitagliptin

(100 mg once daily),

vildagliptin (50 mg twice daily),

linagliptin (5 mg once daily),

NAFLD ridge

score was

Data were

prospectively

recorded but
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Makri et al.,

(2022) [53]
Greece

Retrospective

study
189

metformin with

or without other

anti-diabetic

medications;

follow-up of 6-

18 months

alogliptin (25 mg once daily) or

saxagliptin (5 mg once daily).

Within the GLP-1 RA group,

the patients received exenatide

(10 mcg twice daily),

dulaglutide (1.5 mg once

weekly) or liraglutide (1.2 mg

once daily).

6-18 months T2DM Ultrasound No

significantly

decreased after

the addition of

GLP-1 RA in

patients with

T2DM

retrospectively

retrieved, which

introduced

limitations

inherent to

retrospective

studies

Newsome

et al.,

(2019) [54]

UK

Phase 2,

randomized,

double‐blind,

multinational,

placebo‐ and

active‐

controlled

dose‐finding

trial

957
Age range: 35‐

65 years

semaglutide was given once

daily for 52 weeks at

subcutaneous doses of 0.05,

0.1, 0.2, 0.3 or 0.4 mg

52 weeks
T2DM,

cardiovascular

NAFLD Fibrosis

Score and

Fibrosis 4 Index

Adverse cardiac

event

Semaglutide

significantly

reduced ALT and

hsCRP in clinical

trials in subjects

with obesity

and/or T2DM

Neither trial

enrolled

subjects with

confirmed NASH

and histology

data were not

available

Ohki et al.,

(2012) [55]
Japan

Retrospective

study
82

Age 54.2 (44.4–

63.2), Male 61

Liraglutide was subcutaneously

injected once daily 0.3mg for

the first week, 0.6 mg for the

next week, and finally up to the

limit dose 0.9 mg if necessary.

Sitagliptin was administered via

oral route once daily 50 mg up

to 100 mg if necessary.

Pioglitazone was administered

once daily 15 mg via oral route.

Liraglutide

and

sitagliptin

was about

340 days

and 250

days

T2DM

Clinically

diagnosed

NAFLD

No

Administration of

liraglutide

improved T2DM

but also

improvement of

liver

inflammation,

alteration of liver

fibrosis, and

reduction of body

weight

Difference in

dosing period of

each medicine,

median dosing

period of

pioglitazone was

about 1,200

days, the

median dosing

period of

liraglutide and

sitagliptin was

about 340 days

and 250 days

Fan et al.,

(2013) [56]
China

Research

study
117

Mean age was

52.35 ± 11.83

years, 66 males

and 51 females

Exenatide injection was

administrated from week 1 to

week 4 at 5 μg (bid), and from

week 5 to week 12 at 10 μg

(bid).

12 weeks T2DM Ultrasonography No

Compared with

metformin,

exenatide is

better to control

blood glucose,

reduces body

weight and

improves hepatic

enzymes,

attenuating

NAFLD in

patients with

T2DM

concomitant with

NAFLD.

Not reported

Tian et al.,

(2018) [57]
China

Randomized

study
127

Age in the

range of 21–70

years

Liraglutide group received

liraglutide at a dose of 0.6–

1.2mg/day and the metformin

group received metformin at a

dose of 100–1,500 mg/day

12 weeks T2DM

B-mode

ultrasonic

scanning

Not reported

Liraglutide was

better than

metformin in its

ability to

significantly

decrease the

ALT levels in

patients with

combined T2DM

and NAFLD.

Furthermore,

liraglutide was

more effective

than metformin at

ameliorating the

severity of T2DM

complicated with

Not reported
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NAFLD, and

produced its

effects by

alleviating liver

inflammation and

improving liver

function

Armstrong

et al.,

(2016) [58]

UK
Randomized

study
14

Adult age (18–

70 years) and

had a body

mass index

(BMI) >25 

kg/m2

1.8 mg liraglutide or placebo 12 weeks No Liver biopsy Not reported

Liraglutide

reduces

metabolic

dysfunction,

insulin resistance

and lipotoxicity in

the key metabolic

organs in the

pathogenesis of

NASH.

Sample size

limits statistical

sub-group

analysis

Savvidou

et al.,

(2016) [59]

Greece

Open-label,

randomized

controlled

intervention

trial

127

The study

sample

included 49

males (38.6%

of participants),

with a mean

age of 63.1 ±

7.5 years and a

mean BMI of

32.9 ± 4.9

kg/m²

Exenatide was supplied

through subcutaneous

injections in the upper arm,

thigh or abdomen with prefilled

pens of 5 mg twice daily for the

first 4 weeks and 10 mg

(forced titration) twice daily

thereafter. Patients were self-

injected within 60 min before

morning and evening meals.

24 weeks T2DM Liver biopsy

Redness at sites

of injection (both

groups), morning

hypoglycemic

events easily

reversible by oral

intake of juice

(both groups),

and mild

abdominal

discomfort after

exenatide

injections

Supplementation

of exenatide to

glargine insulin

compared to

standard insulin

was: (i) effective

in inducing weight

loss, (ii) non-

inferior in

lowering HbA1c

and, (iii)

noninferior in

increasing

circulating

adiponectin

NAFLD patients

were excluded

from the

subgroup

intervention trial,

thus being

unable to

investigate an

optional effect of

exenatide on

liver steatosis,

as recent

literature

suggests

Vedtofte et

al.,

(2020) [60]

Denmark

Randomized,

placebo-

controlled trial

82

Age: 38.8 years

(range: 34.3–

40.7)

Liraglutide (1.8 mg once daily) 52 weeks

Gestational

diabetes

mellitus

Ultrasound Not reported

One-year’s

liraglutide

treatment had no

effect on the

presence of

ultrasound-

diagnosed

NAFLD in

overweight/obese

nondiabetic

women with

pGDM, but

reduced body

weight and

steatosis

assessed by

transient

elastography with

CAP

Not reported

TABLE 1: Baseline characteristics of all included studies investigating the effect of GLP-1 among
MASLD patients.
ALT, alanine aminotransferase; ASAT, aspartate aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation
parameter; DPP-4i, dipeptidyl peptidase-4 inhibitors; FIB-4, fibrosis-4 index; GLP-1, glucagon-like peptide-1; HbA1c, hemoglobin A1c; hsCRP, high-
sensitivity C-reactive protein; IHCL, intrahepatic lipid content; IHF, intrahepatic fat; IHL, intrahepatic lipid; LDL-C, low-density lipoprotein cholesterol; LFC,
liver fat content; MASLD, metabolic associated steatosis liver disease; MRE, magnetic resonance elastography; MRI, magnetic resonance imaging; MRI-
PDFF, MRI-proton density fat fraction; MRS, magnetic resonance spectroscopy; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatosis
hepatitis; SAT, subcutaneous adipose tissue; pGDM, previous gestational diabetes mellitus; T2DM, type 2 diabetes mellitus; VAT, visceral adipose tissue;
VCTE, vibration-controlled transient elastography

 

2024 Njei et al. Cureus 16(10): e71366. DOI 10.7759/cureus.71366 10 of 23

javascript:void(0)
javascript:void(0)
javascript:void(0)


Quality Assessment

The quality appraisal of the 27 RCTs included in the systematic review, guided by the Risk of Bias (ROB2)
assessment tool, reflects a commendably low risk of bias across key domains. The evaluation showed that
most studies maintained low bias in random sequence generation, allocation concealment, and blinding of
participants, which signifies rigorous study designs. Nevertheless, a minority of studies showed some
concerns, particularly in the domain of blinding of outcome assessment, indicating areas where the risk of
bias was unclear, potentially affecting the strength of the evidence. Overall, selective reporting was very well
managed, with the vast majority of studies presenting low bias, underscoring the transparency and
reliability of the reported findings. These results highlight the methodological soundness of the included
studies, though the few instances of unclear risk remind us to interpret the findings with a degree of caution.
Figure 2 illustrates the distribution of these biases in detail, providing a visual representation of the
robustness of the study pool.

FIGURE 2: (a) Summary of the results of quality assessment of included
studies based on the RoB2 tool. (b) Overall risk-of-bias assessment in
systematic review studies.
RoB2, Cochrane Risk of Bias tool

Outcomes
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Under the umbrella of outcomes examined in the meta-analysis, various parameters were systematically
examined to assess the efficacy and safety of GLP-1RAs in patients with MASLD. These outcomes were
meticulously categorized into hepatic outcomes, cardiovascular outcomes, anthropometric measurements,
and mortality, each representing key domains essential for evaluating the impact of GLP-1RAs.

Hepatic Outcomes

The meta-analysis of hepatic outcomes encompassed several parameters including alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), liver fat content (LFC), and
fibrosis-4 index (FIB-4) score. In the analysis of ALT levels, involving 784 patients and 640 controls across 18
trials, a significant reduction was observed in patients treated with GLP-1RAs, with a mean difference of -
4.62 (-6.64, -2.60) (p < 0.0001). Similarly, the meta-analysis of AST levels, comprising 824 patients and 678
controls from 20 trials, revealed a statistically significant decrease with a mean difference of -0.21 (-0.38, -
0.04) (p < 0.0001). Analysis of GGT levels, involving 235 patients and 220 controls across eight trials,
demonstrated a significant decrease in the GLP-1RA group, with a mean difference of -0.71 (-0.94, -0.47) (p
< 0.0001). Moreover, the meta-analysis of LFC, with 829 patients and 666 controls from 20 trials, exhibited a
substantial reduction in patients receiving GLP-1RAs compared to controls, with a mean difference of -1.38
(-1.50, -1.26) (p < 0.0001). However, the FIB-4 score meta-analysis, including 117 patients and 121 controls
from three trials, did not show a significant difference between the treatment and control groups, with a
mean difference of -0.04 (-0.15, 0.08) (p=0.5). Forest and funnel plots depicting the results of these analyses
are shown in Figures 3, 4 and Appendices C-E.

FIGURE 3: (a) Forest plot of intervention efficacy on ALT. (b) Funnel plot
of research homogeneity for ALT.
ALT, alanine aminotransferase
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FIGURE 4: (a) Forest Plot of intervention efficacy on LFC. (b) Funnel plot
of research homogeneity for LFC.
LFC, liver fat content

Cardiovascular Outcomes

The analysis of cardiovascular outcomes revealed several significant findings across various parameters.
One trial investigated diastolic blood pressure, comprising 23 patients and 22 controls, showing no
significant difference between groups, with a mean difference of -1.80 (-8.30, 4.70) (p = 0.59). However, in
the meta-analysis of fasting blood sugar involving 274 patients and 291 controls from 10 trials, a significant
decrease was observed in the GLP-1RA group compared to controls, with a mean difference of -0.2 (-0.38, -
0.02) (p = 0.03). Similarly, the meta-analysis of HbA1c levels, with 466 patients and 360 controls from 12
trials, demonstrated a significant reduction in patients treated with GLP-1RAs, with a mean difference of -
0.33 (-0.41, -0.25) (p < 0.0001). Analysis of high-density lipoprotein (HDL) levels, comprising 227 patients
and 241 controls across seven trials, also showed a significant increase in the GLP-1RA group, with a mean
difference of -0.07 (-0.09, -0.05) (p < 0.0001). Moreover, the meta-analysis of low-density lipoprotein (LDL)
levels, involving 227 patients and 241 controls from seven trials, exhibited a significant decrease in patients
receiving GLP-1RAs compared to controls, with a mean difference of -0.12 (-0.18, -0.05) (p = 0.0002).
However, in the analysis of systolic blood pressure with 30 patients and 29 controls from two trials, and
total cholesterol levels with 193 patients and 232 controls from three trials, no significant differences were
found between the treatment and control groups (systolic blood pressure: mean difference -3.89 [-9.71,
1.92], p = 0.19; total cholesterol: mean difference -0.12 [-0.30, 0.05], p = 0.17). Conversely, the meta-analysis
of triglyceride levels, comprising 249 patients and 286 controls across seven trials, showed a significant
decrease in patients treated with GLP-1RAs compared to controls, with a mean difference of -0.12 (-0.20, -
0.05) (p = 0.001). Figure 5 and Appendices F-L present forest and funnel plots illustrating these findings.

FIGURE 5: (a) Forest plot of intervention efficacy on triglyceride. (b)
Funnel plot of research homogeneity for triglyceride.

Mortality

The analysis of mortality revealed limited data, with only one trial conducted by Newsome et al. reporting
mortality data [38]. In this trial, one death was reported in the semaglutide 0.2 mg group during the trial
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period, confirmed by the external adjudication committee as sudden cardiac death.

Anthropometric measurements

The analysis of anthropometric measurements yielded significant results across various parameters. In the
meta-analysis of body weight change, involving 698 patients and 530 controls from 16 trials, a significant
decrease was observed in patients treated with GLP-1RAs compared to controls, with a mean difference of -
1.04 (-1.28, -0.81) (p < 0.0001). Notably, liraglutide exhibited a positive mean difference in body weight
change compared to the overall effect, with a mean difference of 0.85 (0.50, 1.20). Similarly, the meta-
analysis of body mass index (BMI), comprising 321 patients and 357 controls across 11 trials, demonstrated
a significant decrease in the GLP-1RA group compared to controls, with a mean difference of -0.74 (-0.86, -
0.63) (p < 0.0001). Analysis of subcutaneous fat, with 217 patients and 221 controls from four trials, also
revealed a significant reduction in patients receiving GLP-1RAs, with a mean difference of -5.43 (-5.61, -
5.25) (p < 0.0001). Moreover, the meta-analysis of waist circumference, involving 267 patients and 265
controls from 10 trials, exhibited a significant decrease in the GLP-1RA group compared to controls, with a
mean difference of -5.64 (-6.32, -4.97) (p < 0.00001). Forest and funnel plots depicting these findings are
provided in Figure 6 and Appendices M, N.

FIGURE 6: (a) Forest plot of intervention efficacy on body weight
change. (b) Funnel plot of research homogeneity for body weight
change.

Discussion
The primary aim of this systematic review and meta-analysis was to assess the efficacy and safety of GLP-
1RAs in patients with MASLD. To the best of our knowledge, this is the most updated and comprehensive
systematic review on the use of GLP-1RAs among MASLD patients. Our comprehensive analysis,
encompassing 27 trials with a diverse patient population, yielded significant insights into the therapeutic
potential of GLP-1RAs in this context. Across various parameters, including hepatic outcomes,
cardiovascular markers, and anthropometric measurements, the findings of this review collectively highlight
the favorable impact of GLP-1RAs. Notably, GLP-1RAs demonstrated consistent efficacy in improving
hepatic function, as evidenced by significant reductions in key markers such as ALT, AST, GGT, and LFC.
Moreover, improvements in cardiovascular risk factors, including fasting blood sugar, HbA1c levels, and
lipid profiles, further support the potential benefits of GLP-1RAs in ameliorating metabolic dysregulation
associated with MASLD. These findings collectively underscore the promising role of GLP-1RAs as a
therapeutic option for patients with MASLD, addressing both hepatic and metabolic manifestations of the
disease. 

The analysis of hepatic outcomes offers profound insights into the therapeutic potential of GLP-1RAs in
patients with MASLD. The significant reductions observed in key liver enzymes, including ALT, AST, and
GGT, not only signify improvements in liver function but also suggest a potential attenuation of
hepatocellular injury and inflammation associated with MASLD [61]. These findings align with the known
mechanisms of action of GLP-1RAs, which include reducing hepatic glucose production, enhancing insulin
sensitivity, and exerting anti-inflammatory effects within the liver [62,63]. Moreover, the substantial
decrease in LFC underscores the potential of GLP-1RAs to mitigate hepatic steatosis, a hallmark feature of
MASLD and a precursor to more severe liver pathology. Various mechanisms in which this effect occurs have
been reported in the literature [58,64,65], including evidence that shows the involvement of SIRT1
mediating the effect of exenatide on ameliorating hepatic steatosis [66]. SIRT1 plays a vital role in hepatic
lipid metabolism by deacetylation of acetylated lysine residues on histones and various transcriptional
regulators [67]. Despite this evidence, the lack of a significant difference in FIB-4 score between treatment
and control groups in meta-analysis warrants careful consideration. While biochemical markers such as ALT
and AST are indicative of hepatocellular injury, the FIB-4 score integrates both liver enzymes and patient
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demographics to estimate liver fibrosis [68], reflecting the dynamic interplay between inflammation,
fibrogenesis, and metabolic perturbations in MASLD. Thus, the nonsignificant change in FIB-4 score
suggests that while GLP-1RAs may effectively ameliorate hepatic injury and steatosis, their impact on the
progression of fibrosis may be more nuanced and require longer-term follow-up and more research to
elucidate fully. Nevertheless, the observed improvements in ALT, AST, GGT, and LFC hold profound clinical
relevance, offering a potential avenue for therapeutic intervention in MASLD to preserve liver function and
mitigate disease progression.

Furthermore, the analysis of cardiovascular outcomes offers compelling evidence of the multifaceted
benefits of GLP-1RAs in patients with MASLD, extending beyond hepatic improvements to cardiovascular
risk reduction. The significant improvements observed in fasting blood sugar and HbA1c levels following
treatment with GLP-1RAs not only reflect enhanced glycemic control but also suggest a potential
attenuation of systemic inflammation and insulin resistance, both of which are implicated in the
pathogenesis of MASLD and its cardiovascular complications. Moreover, the favorable changes in lipid
profiles, including increases in HDL cholesterol and decreases in LDL cholesterol and triglyceride levels,
underscore the potential of GLP-1RAs to mitigate dyslipidemia, a major contributor to cardiovascular risk in
MASLD patients. Previous research in the literature has shown that GLP-1RAs exert direct cardiovascular
benefits through their actions on the cardiovascular system, including vasodilation, inhibition of platelet
aggregation, and reduction of oxidative stress and inflammation [69,70]. These mechanisms contribute to
improved endothelial function and vascular health, thus reducing the risk of cardiovascular events in
patients with MASLD. These findings hold profound implications for the management of MASLD, as
cardiovascular disease represents a significant comorbidity and contributor to morbidity and mortality in
this population [71,72].

Moreover, our review analyzed mortality data to assess safety profiles of GLP-1RAs among MASLD patients.
Overall, the analysis of mortality outcomes emphasizes the need for further research into the long-term
safety profile of GLP-1RAs in patients with MASLD. While data on mortality were limited, the absence of
significant safety concerns shown in qualitative data collected from trials aligns with the established
favorable safety profile of GLP-1RAs in the literature [38].

Turning to anthropometric measurements, the significant reductions observed in body weight, BMI,
subcutaneous fat, and waist circumference among patients treated with GLP-1RAs signify promising
metabolic effects with potential implications for MASLD management. The observed reductions in body
weight and adiposity suggest a multifaceted approach to improving metabolic health beyond hepatic
outcomes. Reductions in adipose tissue are associated with improvements in insulin sensitivity, lipid
profiles, and inflammatory markers, all of which are central to the pathogenesis of MASLD [73].
Furthermore, the significant decreases in waist circumference, a marker of visceral adiposity, are
particularly noteworthy given its strong association with insulin resistance and cardiovascular risk [74,75].

Clinical Implications and Future Research

The findings of this systematic review and meta-analysis present compelling evidence for the potential
clinical utility of GLP-1RAs in the management of MASLD. The observed improvements in hepatic
outcomes, including significant reductions in liver enzymes and LFC, suggest a direct hepatoprotective
effect of GLP-1RAs. These agents have been shown to modulate hepatic lipid metabolism, reduce hepatic
inflammation, and promote liver regeneration, addressing key pathogenic mechanisms underlying MASLD.
Additionally, the favorable changes in cardiovascular markers, such as improvements in glycemic control,
lipid profiles, and blood pressure, highlight the broader cardiometabolic benefits of GLP-1RAs. By targeting
systemic insulin resistance, dyslipidemia, and vascular dysfunction, GLP-1RAs offer a multifaceted approach
to mitigating the cardiovascular risk burden in MASLD patients. Furthermore, the significant reductions in
body weight and adiposity observed with GLP-1RA therapy not only contribute to metabolic improvements
but also hold implications for reducing hepatic steatosis and inflammation. These multifactorial effects
underscore the potential of GLP-1RAs to address the complex interplay between hepatic dysfunction,
metabolic dysregulation, and cardiovascular risk in MASLD. As such, the findings underscore the importance
of considering GLP-1RAs as a valuable addition to the therapeutic armamentarium for MASLD, warranting
further investigation in clinical practice to optimize their role in disease management.

Moving forward, there is a critical need for further research to expand our understanding of the efficacy and
safety profile of GLP-1RAs in patients with MASLD. Long-term studies and trials with larger sample sizes are
essential to evaluate the sustained benefits and potential risks associated with GLP-1RAs in this population.
Additionally, studies incorporating diverse patient populations and assessing real-world effectiveness are
needed to validate the findings of this meta-analysis and inform clinical decision-making. Moreover,
investigations into the optimal dosing regimens, treatment duration, and potential combination therapies
involving GLP-1RAs are warranted to optimize their use in MASLD management. By addressing these
knowledge gaps, future research endeavors hold the potential to further elucidate the role of GLP-1RAs in
the comprehensive management of MASLD and to improve outcomes for affected patients.

Limitations
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Several limitations of this systematic review and meta-analysis warrant consideration. Firstly, the limited
number of trials reporting certain outcomes, such as mortality, restricts the robustness of our findings in
these domains. Additionally, heterogeneity among included studies, stemming from variations in study
design, patient populations, and intervention protocols, may introduce potential sources of bias and affect
the generalizability of our results. Despite efforts to mitigate heterogeneity through subgroup analyses and
sensitivity analyses, residual heterogeneity may still exist, influencing the interpretation of our findings.
Furthermore, the possibility of publication bias, wherein studies with positive outcomes are more likely to
be published, cannot be disregarded. Although we attempted to minimize publication bias by conducting a
comprehensive literature search and including unpublished studies, the potential for bias remains inherent
in meta-analyses of published literature. Recognizing these limitations is crucial for interpreting the
findings of this study accurately and underscores the need for cautious interpretation and further research
to validate our results and address these inherent limitations.

Conclusions
The findings of this systematic review demonstrate promising clinical implications for the use of GLP-1RAs
as a therapeutic option for addressing the complex pathophysiology of MASLD. By targeting hepatic
dysfunction, metabolic abnormalities, and cardiovascular risk factors, GLP-1RAs offer a multifaceted
approach to managing MASLD, with the potential to improve liver function, mitigate cardiovascular risk,
and promote weight loss. However, it is essential to interpret those findings while considering the
limitations of this study, including the limited number of trials reporting certain outcomes, heterogeneity
among included studies, and potential publication bias. Further research, including long-term studies and
trials with larger sample sizes, is warranted to validate our findings and optimize the use of GLP-1RAs in
MASLD management. Nevertheless, the findings of this study highlight the importance of considering GLP-
1RAs as a valuable addition to the therapeutic armamentarium for MASLD, offering new avenues for
addressing this increasingly prevalent and burdensome liver disease.

Appendices
 Appendix A

Search keywords

1) Population of interest: GLP-1 Receptor Agonists Users with/without MASLD ("GLP-1 Receptor Agonists" [MeSH] OR "GLP-1"
[Title/Abstract] OR "Glucagon-Like Peptide-1" [Title/Abstract] OR "Exenatide" [Title/Abstract] OR "Liraglutide" [Title/Abstract] OR
"Semaglutide" [Title/Abstract] OR "Dulaglutide" [Title/Abstract]) AND ("Metabolic Dysfunction-Associated Steatotic Liver Disease" [MeSH]
OR "MASLD" [Title/Abstract] OR "Non-Alcoholic Steatotic Liver Disease" [Title/Abstract] OR "fatty liver" [Title/Abstract] OR "hepatic
steatosis" [Title/Abstract] OR "NAFLD" [Title/Abstract] OR “Non-alcoholic Fatty Liver Disease" [MeSH])

2) Outcomes: Benefits and Risks in Clinical Trials ("Clinical Trials" [MeSH] OR "Randomized Controlled Trial" [Title/Abstract] OR "RCT"
[Title/Abstract] OR "Meta-analysis" [Title/Abstract] OR "Systematic review" [Title/Abstract]) AND ("Efficacy" [Title/Abstract] OR
"Effectiveness" [Title/Abstract] OR "Safety" [Title/Abstract] OR "Adverse Effects" [Title/Abstract] OR "Side Effects" [Title/Abstract] OR "Risk
Assessment" [Title/Abstract] OR "Treatment Outcome" [Title/Abstract])

TABLE 2: Literature search keywords for different databases used in the search

Appendix B 
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Inclusion criteria Exclusion criteria

Study conducted in English Paper not peer-reviewed

Primary outcome reports efficacy, safety, or treatment
outcomes of GLP-1 receptor agonists in patients with or
without MASLD

Full text paper not available and/or written in non-English language

Study design: RCTs
Study design being a review of the literature (e.g., scoping, systematic,
narrative, or other reviews), case reports, case series, or studies conducted
in animal models

Primary outcome reporting among MASLD adult patients
(older than 18 years)

Pediatric populations  

Full-text paper available Studies lacking relevant data on GLP-1 receptor agonists in MASLD  

Peer-reviewed prior to final publication
Studies focusing on diseases or conditions unrelated to MASLD or not
involving GLP-1 receptor agonists

TABLE 3: Eligibility criteria for studies upon screening the search results obtained.
GLP-1, glucagon-like peptide-1; MASLD, metabolic dysfunction-associated steatotic liver disease; RCT, randomized controlled trial

Appendix C 

FIGURE 7: (a) Forest plot of intervention efficacy on AST. (b) Funnel plot
of research homogeneity for AST.
AST, aspartate aminotransferase

Appendix D 

FIGURE 8: (a) Forest plot of intervention efficacy on FIB-4 score. (b)
Funnel plot of research homogeneity for FIB-4 score.
FIB-4, fibrosis-4 index

 

2024 Njei et al. Cureus 16(10): e71366. DOI 10.7759/cureus.71366 17 of 23

https://assets.cureus.com/uploads/figure/file/1082512/lightbox_f60792a0631111efa96d957f1f0bfdaa-Image-5.png
https://assets.cureus.com/uploads/figure/file/1082549/lightbox_8c1cbef0631211efa5f0d9bcf05680be-Image-6.png


Appendix E 

FIGURE 9: (a) Forest plot of intervention efficacy on GGT score. (b)
Funnel plot of research homogeneity for GGT score.
GGT, gamma-glutamyl transferase

Appendix F 

FIGURE 10: (a) Forest plot of intervention efficacy on diastolic blood
pressure. (b) Funnel plot of research homogeneity for diastolic blood
pressure.

Appendix G 

FIGURE 11: (a) Forest plot of intervention efficacy on systolic blood
pressure. (b) Funnel plot of research homogeneity for systolic blood
pressure.

Appendix H 

FIGURE 12: (a) Forest plot of intervention efficacy on total cholesterol.
(b) Funnel plot of research homogeneity for total cholesterol.
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Appendix I 

FIGURE 13: (a) Forest plot of intervention efficacy on HDL levels. (b)
Funnel plot of research homogeneity for HDL levels.
HDL, high-density lipoprotein

Appendix J 

FIGURE 14: (a) Forest plot of intervention efficacy on LDL levels. (b)
Funnel plot of research homogeneity for LDL levels.
LDL, low-density lipoprotein

Appendix K 

FIGURE 15: (a) Forest plot of intervention efficacy on fasting blood
sugar. (b) Funnel plot of research homogeneity for fasting blood sugar
levels.

Appendix L 
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FIGURE 16: (a) Forest plot of intervention efficacy on HbA1c. (b) funnel
plot of research homogeneity for HbA1c.

Appendix M 

FIGURE 17: (a) Forest Plot of intervention efficacy on waist
circumference. (b) Funnel plot of research homogeneity for waist
circumference.

Appendix N 

FIGURE 18: (a) Forest plot of intervention efficacy on BMI. (b) funnel
plot of research homogeneity for BMI.
BMI, body mass index

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Yazan Al-Ajlouni, Basile Njei, Samira Y. Lemos, Derek Ugwendum, Sarpong Boateng

 

2024 Njei et al. Cureus 16(10): e71366. DOI 10.7759/cureus.71366 20 of 23

https://assets.cureus.com/uploads/figure/file/1082571/lightbox_5394dd70631611ef9d64fbf623245906-Image-14.png
https://assets.cureus.com/uploads/figure/file/1082572/lightbox_67e7f5a0631611ef94e339bad637027d-Image-15.png
https://assets.cureus.com/uploads/figure/file/1082574/lightbox_80df8fa0631611efaaaf3188c5a5f031-Image-16.png


Acquisition, analysis, or interpretation of data:  Yazan Al-Ajlouni, Basile Njei, Samira Y. Lemos, Prince
Ameyaw, Lea-Pearl Njei, Sarpong Boateng

Drafting of the manuscript:  Yazan Al-Ajlouni, Basile Njei, Prince Ameyaw

Critical review of the manuscript for important intellectual content:  Yazan Al-Ajlouni, Basile Njei,
Samira Y. Lemos, Derek Ugwendum, Lea-Pearl Njei, Sarpong Boateng

Supervision:  Basile Njei

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Powell EE, Wong VW, Rinella M: Non-alcoholic fatty liver disease. Lancet. 2021, 397:2212-24.

10.1016/S0140-6736(20)32511-3
2. Musso G, Gambino R, Bo S, Uberti B, Biroli G, Pagano G, Cassader M: Should nonalcoholic fatty liver disease

be included in the definition of metabolic syndrome? A cross-sectional comparison with Adult Treatment
Panel III criteria in nonobese nondiabetic subjects. Diabetes Care. 2008, 31:562-8. 10.2337/dc07-1526

3. Akhtar DH, Iqbal U, Vazquez-Montesino LM, Dennis BB, Ahmed A: Pathogenesis of insulin resistance and
atherogenic dyslipidemia in nonalcoholic fatty liver disease. J Clin Transl Hepatol. 2019, 7:362-70.
10.14218/JCTH.2019.00028

4. Liu HH, Cao YX, Sun D, et al.: Impact of non-alcoholic fatty liver disease on cardiovascular outcomes in
patients with stable coronary artery disease: a matched case-control study. Clin Transl Gastroenterol. 2019,
10:e00011. 10.14309/ctg.0000000000000011

5. Williams KH, Sullivan DR, Veillard AS, et al.: Low alanine aminotransferase levels and higher number of
cardiovascular events in people with type 2 diabetes: analysis of the Fenofibrate Intervention and Event
Lowering in Diabetes (FIELD) study. Diabet Med. 2016, 33:356-64. 10.1111/dme.12972

6. Tana C, Ballestri S, Ricci F, et al.: Cardiovascular risk in non-alcoholic fatty liver disease: mechanisms and
therapeutic implications. Int J Environ Res Public Health. 2019, 16:3104. 10.3390/ijerph16173104

7. Huang DQ, Downes M, Evans RM, Witztum JL, Glass CK, Loomba R: Shared mechanisms between
cardiovascular disease and NAFLD. Semin Liver Dis. 2022, 42:455-64. 10.1055/a-1930-6658

8. Rohini I, Aarthi N: A study of prevalence of non alcoholic fatty liver in type 2 diabetes mellitus patients . Int
J Contemp Med Res. 2019, 6:L37-40. 10.21276/ijcmr.2019.6.12.48

9. Amzolini AM, Forțofoiu MC, Alhija AB, et al.: Triglyceride and glucose index as a screening tool for
nonalcoholic liver disease in patients with metabolic syndrome. J Clin Med. 2022, 11:3043.
10.3390/jcm11113043

10. Calapod OP, Marin AM, Tribus LC, Fierbinţeanu-Braticevici C: The severity of non-alcoholic fatty liver in
type II diabetes. Intern Med. 2018, 15:37-42. 10.2478/inmed-2018-0044

11. Snyder HS, Sakaan SA, March KL, et al.: Non-alcoholic fatty liver disease: a review of anti-diabetic
pharmacologic therapies. J Clin Transl Hepatol. 2018, 6:168-74. 10.14218/JCTH.2017.00050

12. Wang M, Zhao Y, He Y, Zhang L, Liu J, Zheng S, Bai Y: The bidirectional relationship between NAFLD and
type 2 diabetes: a prospective population-based cohort study. Nutr Metab Cardiovasc Dis. 2023, 33:1521-8.
10.1016/j.numecd.2023.05.018

13. Ni X, Tong C, Halengbieke A, et al.: Association between nonalcoholic fatty liver disease and type 2
diabetes: a bidirectional two-sample mendelian randomization study. Diabetes Res Clin Pract. 2023,
206:110993. 10.1016/j.diabres.2023.110993

14. Prasad-Reddy L, Isaacs D: A clinical review of GLP-1 receptor agonists: efficacy and safety in diabetes and
beyond. Drugs Context. 2015, 4:212283. 10.7573/dic.212283

15. Lee S, Lee DY: Glucagon-like peptide-1 and glucagon-like peptide-1 receptor agonists in the treatment of
type 2 diabetes. Ann Pediatr Endocrinol Metab. 2017, 22:15-26. 10.6065/apem.2017.22.1.15

16. Carris NW, Taylor JR, Gums JG: Combining a GLP-1 receptor agonist and basal insulin: study evidence and
practical considerations. Drugs. 2014, 74:2141-52. 10.1007/s40265-014-0325-2

17. Fineman MS, Cirincione BB, Maggs D, Diamant M: GLP-1 based therapies: differential effects on fasting and
postprandial glucose. Diabetes Obes Metab. 2012, 14:675-88. 10.1111/j.1463-1326.2012.01560.x

18. Goldenberg RM, Teoh H, Verma S: Glucagon-like peptide-1/glucose-dependent insulinotropic polypeptide
receptor co-agonists for cardioprotection, type 2 diabetes and obesity: a review of mechanisms and clinical
data. Curr Opin Cardiol. 2023, 38:539-45. 10.1097/HCO.0000000000001084

19. Gao Z, Song GY, Ren LP, Ma HJ, Ma BQ, Chen SC: β-catenin mediates the effect of GLP-1 receptor agonist
on ameliorating hepatic steatosis induced by high fructose diet. Eur J Histochem. 2020, 64:3160.
10.4081/ejh.2020.3160

20. Melander SA, Kayed A, Andreassen KV, Karsdal MA, Henriksen K: OXM-104, a potential candidate for the
treatment of obesity, NASH and type 2 diabetes. Eur J Pharmacol. 2024, 962:176215.
10.1016/j.ejphar.2023.176215

21. Neumiller JJ, Alicic RZ, Tuttle KR: GLP-1 receptor agonists in the treatment of patients with type 2 diabetes

 

2024 Njei et al. Cureus 16(10): e71366. DOI 10.7759/cureus.71366 21 of 23

https://dx.doi.org/10.1016/S0140-6736(20)32511-3
https://dx.doi.org/10.1016/S0140-6736(20)32511-3
https://dx.doi.org/10.2337/dc07-1526
https://dx.doi.org/10.2337/dc07-1526
https://dx.doi.org/10.14218/JCTH.2019.00028
https://dx.doi.org/10.14218/JCTH.2019.00028
https://dx.doi.org/10.14309/ctg.0000000000000011
https://dx.doi.org/10.14309/ctg.0000000000000011
https://dx.doi.org/10.1111/dme.12972
https://dx.doi.org/10.1111/dme.12972
https://dx.doi.org/10.3390/ijerph16173104
https://dx.doi.org/10.3390/ijerph16173104
https://dx.doi.org/10.1055/a-1930-6658
https://dx.doi.org/10.1055/a-1930-6658
https://dx.doi.org/10.21276/ijcmr.2019.6.12.48
https://dx.doi.org/10.21276/ijcmr.2019.6.12.48
https://dx.doi.org/10.3390/jcm11113043
https://dx.doi.org/10.3390/jcm11113043
https://dx.doi.org/10.2478/inmed-2018-0044
https://dx.doi.org/10.2478/inmed-2018-0044
https://dx.doi.org/10.14218/JCTH.2017.00050
https://dx.doi.org/10.14218/JCTH.2017.00050
https://dx.doi.org/10.1016/j.numecd.2023.05.018
https://dx.doi.org/10.1016/j.numecd.2023.05.018
https://dx.doi.org/10.1016/j.diabres.2023.110993
https://dx.doi.org/10.1016/j.diabres.2023.110993
https://dx.doi.org/10.7573/dic.212283
https://dx.doi.org/10.7573/dic.212283
https://dx.doi.org/10.6065/apem.2017.22.1.15
https://dx.doi.org/10.6065/apem.2017.22.1.15
https://dx.doi.org/10.1007/s40265-014-0325-2
https://dx.doi.org/10.1007/s40265-014-0325-2
https://dx.doi.org/10.1111/j.1463-1326.2012.01560.x
https://dx.doi.org/10.1111/j.1463-1326.2012.01560.x
https://dx.doi.org/10.1097/HCO.0000000000001084
https://dx.doi.org/10.1097/HCO.0000000000001084
https://dx.doi.org/10.4081/ejh.2020.3160
https://dx.doi.org/10.4081/ejh.2020.3160
https://dx.doi.org/10.1016/j.ejphar.2023.176215
https://dx.doi.org/10.1016/j.ejphar.2023.176215
https://dx.doi.org/10.3390/kidneydial2030034


and chronic kidney disease. Kidney Dial. 2022, 2:386-98. 10.3390/kidneydial2030034
22. Kalavalapalli S, Bril F, Guingab J, Vergara A, Garrett TJ, Sunny NE, Cusi K: Impact of exenatide on

mitochondrial lipid metabolism in mice with nonalcoholic steatohepatitis. J Endocrinol. 2019, 241:293-305.
10.1530/JOE-19-0007

23. Panjwani N, Mulvihill EE, Longuet C, 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, 154:127-39. 10.1210/en.2012-1937

24. Pyke C, Heller RS, Kirk RK, et al.: GLP-1 receptor localization in monkey and human tissue: novel
distribution revealed with extensively validated monoclonal antibody. Endocrinology. 2014, 155:1280-90.
10.1210/en.2013-1934

25. Lv X, Dong Y, Hu L, Lu F, Zhou C, Qin S: Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) for the
management of nonalcoholic fatty liver disease (NAFLD): a systematic review. Endocrinol Diabetes Metab.
2020, 3:e00163. 10.1002/edm2.163

26. Zhu Y, Xu J, Zhang D, et al.: Efficacy and safety of GLP-1 receptor agonists in patients with type 2 diabetes
mellitus and non-alcoholic fatty liver disease: a systematic review and meta-analysis. Front Endocrinol
(Lausanne). 2021, 12:769069. 10.3389/fendo.2021.769069

27. Yan H, Huang C, Shen X, Li J, Zhou S, Li W: GLP-1 RAs and SGLT-2 inhibitors for insulin resistance in
nonalcoholic fatty liver disease: systematic review and network meta-analysis. Front Endocrinol (Lausanne).
2022, 13:923606. 10.3389/fendo.2022.923606

28. Gu Y, Sun L, Zhang W, et al.: Comparative efficacy of 5 sodium-glucose cotransporter protein-2 (SGLT-2)
inhibitor and 4 glucagon-like peptide-1 (GLP-1) receptor agonist drugs in non-alcoholic fatty liver disease:
a GRADE-assessed systematic review and network meta-analysis of randomized controlled trials. Front
Pharmacol. 2023, 14:1102792. 10.3389/fphar.2023.1102792

29. Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021, 372:n71. 10.1136/bmj.n71

30. Hozo SP, Djulbegovic B, Hozo I: Estimating the mean and variance from the median, range, and the size of a
sample. BMC Med Res Methodol. 2005, 5:13. 10.1186/1471-2288-5-13

31. Wan X, Wang W, Liu J, Tong T: Estimating the sample mean and standard deviation from the sample size,
median, range and/or interquartile range. BMC Med Res Methodol. 2014, 14:135. 10.1186/1471-2288-14-135

32. Sterne JA, Savović J, Page MJ, et al.: RoB 2: a revised tool for assessing risk of bias in randomised trials . BMJ.
2019, 366:l4898. 10.1136/bmj.l4898

33. R Core Team (2023). R: A language and environment for statistical computing. R Foundation for Statistical
Computing. (2023). Accessed: March 25, 2024: https://www.R-project.org/.

34. Bi Y, Zhang B, Xu W, et al.: Effects of exenatide, insulin, and pioglitazone on liver fat content and body fat
distributions in drug-naive subjects with type 2 diabetes. Acta Diabetol. 2014, 51:865-73. 10.1007/s00592-
014-0638-3

35. Guo W, Tian W, Lin L, Xu X: Liraglutide or insulin glargine treatments improves hepatic fat in obese
patients with type 2 diabetes and nonalcoholic fatty liver disease in twenty-six weeks: a randomized
placebo-controlled trial. Diabetes Res Clin Pract. 2020, 170:108487. 10.1016/j.diabres.2020.108487

36. Smits MM, Tonneijck L, Muskiet MH, et al.: Twelve week liraglutide or sitagliptin does not affect hepatic fat
in type 2 diabetes: a randomised placebo-controlled trial. Diabetologia. 2016, 59:2588-93. 10.1007/s00125-
016-4100-7

37. Flint A, Andersen G, Hockings P, et al.: Randomised clinical trial: semaglutide versus placebo reduced liver
steatosis but not liver stiffness in subjects with non-alcoholic fatty liver disease assessed by magnetic
resonance imaging. Aliment Pharmacol Ther. 2021, 54:1150-61. 10.1111/apt.16608

38. Newsome PN, Buchholtz K, Cusi K, et al.: A placebo-controlled trial of subcutaneous semaglutide in
nonalcoholic steatohepatitis. N Engl J Med. 2021, 384:1113-24. 10.1056/NEJMoa2028395

39. Eguchi Y, Kitajima Y, Hyogo H, et al.: Pilot study of liraglutide effects in non-alcoholic steatohepatitis and
non-alcoholic fatty liver disease with glucose intolerance in Japanese patients (LEAN-J). Hepatol Res. 2015,
45:269-78. 10.1111/hepr.12351

40. Loomba R, Abdelmalek MF, Armstrong MJ, et al.: Semaglutide 2·4 mg once weekly in patients with non-
alcoholic steatohepatitis-related cirrhosis: a randomised, placebo-controlled phase 2 trial. Lancet
Gastroenterol Hepatol. 2023, 8:511-22. 10.1016/S2468-1253(23)00068-7

41. Armstrong MJ, Gaunt P, Aithal GP, 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, 387:679-90. 10.1016/S0140-6736(15)00803-X

42. Feng W, Gao C, Bi Y, et al.: Randomized trial comparing the effects of gliclazide, liraglutide, and metformin
on diabetes with non-alcoholic fatty liver disease. J Diabetes. 2017, 9:800-9. 10.1111/1753-0407.12555

43. Khoo J, Hsiang J, Taneja R, Law NM, Ang TL: Comparative effects of liraglutide 3 mg vs structured lifestyle
modification on body weight, liver fat and liver function in obese patients with non-alcoholic fatty liver
disease: A pilot randomized trial. Diabetes Obes Metab. 2017, 19:1814-7. 10.1111/dom.13007

44. Khoo J, Hsiang JC, Taneja R, et al.: Randomized trial comparing effects of weight loss by liraglutide with
lifestyle modification in non-alcoholic fatty liver disease. Liver Int. 2019, 39:941-9. 10.1111/liv.14065

45. Liu L, Yan H, Xia M, et al.: Efficacy of exenatide and insulin glargine on nonalcoholic fatty liver disease in
patients with type 2 diabetes. Diabetes Metab Res Rev. 2020, 36:e3292. 10.1002/dmrr.3292

46. Shao N, Kuang HY, Hao M, Gao XY, Lin WJ, Zou W: Benefits of exenatide on obesity and non-alcoholic fatty
liver disease with elevated liver enzymes in patients with type 2 diabetes. Diabetes Metab Res Rev. 2014,
30:521-9. 10.1002/dmrr.2561

47. Yan J, Yao B, Kuang H, 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, 69:2414-26. 10.1002/hep.30320

48. Zhang LY, Qu XN, Sun ZY, Zhang Y: Effect of liraglutide therapy on serum fetuin A in patients with type 2
diabetes and non-alcoholic fatty liver disease. Clin Res Hepatol Gastroenterol. 2020, 44:674-80.
10.1016/j.clinre.2020.01.007

 

2024 Njei et al. Cureus 16(10): e71366. DOI 10.7759/cureus.71366 22 of 23

https://dx.doi.org/10.3390/kidneydial2030034
https://dx.doi.org/10.1530/JOE-19-0007
https://dx.doi.org/10.1530/JOE-19-0007
https://dx.doi.org/10.1210/en.2012-1937
https://dx.doi.org/10.1210/en.2012-1937
https://dx.doi.org/10.1210/en.2013-1934
https://dx.doi.org/10.1210/en.2013-1934
https://dx.doi.org/10.1002/edm2.163
https://dx.doi.org/10.1002/edm2.163
https://dx.doi.org/10.3389/fendo.2021.769069
https://dx.doi.org/10.3389/fendo.2021.769069
https://dx.doi.org/10.3389/fendo.2022.923606
https://dx.doi.org/10.3389/fendo.2022.923606
https://dx.doi.org/10.3389/fphar.2023.1102792
https://dx.doi.org/10.3389/fphar.2023.1102792
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1186/1471-2288-5-13
https://dx.doi.org/10.1186/1471-2288-5-13
https://dx.doi.org/10.1186/1471-2288-14-135
https://dx.doi.org/10.1186/1471-2288-14-135
https://dx.doi.org/10.1136/bmj.l4898
https://dx.doi.org/10.1136/bmj.l4898
file:////tmp/ https://www.R-project.org/
file:////tmp/ https://www.R-project.org/
https://dx.doi.org/10.1007/s00592-014-0638-3
https://dx.doi.org/10.1007/s00592-014-0638-3
https://dx.doi.org/10.1016/j.diabres.2020.108487
https://dx.doi.org/10.1016/j.diabres.2020.108487
https://dx.doi.org/10.1007/s00125-016-4100-7
https://dx.doi.org/10.1007/s00125-016-4100-7
https://dx.doi.org/10.1111/apt.16608
https://dx.doi.org/10.1111/apt.16608
https://dx.doi.org/10.1056/NEJMoa2028395
https://dx.doi.org/10.1056/NEJMoa2028395
https://dx.doi.org/10.1111/hepr.12351
https://dx.doi.org/10.1111/hepr.12351
https://dx.doi.org/10.1016/S2468-1253(23)00068-7
https://dx.doi.org/10.1016/S2468-1253(23)00068-7
https://dx.doi.org/10.1016/S0140-6736(15)00803-X
https://dx.doi.org/10.1016/S0140-6736(15)00803-X
https://dx.doi.org/10.1111/1753-0407.12555
https://dx.doi.org/10.1111/1753-0407.12555
https://dx.doi.org/10.1111/dom.13007
https://dx.doi.org/10.1111/dom.13007
https://dx.doi.org/10.1111/liv.14065
https://dx.doi.org/10.1111/liv.14065
https://dx.doi.org/10.1002/dmrr.3292
https://dx.doi.org/10.1002/dmrr.3292
https://dx.doi.org/10.1002/dmrr.2561
https://dx.doi.org/10.1002/dmrr.2561
https://dx.doi.org/10.1002/hep.30320
https://dx.doi.org/10.1002/hep.30320
https://dx.doi.org/10.1016/j.clinre.2020.01.007
https://dx.doi.org/10.1016/j.clinre.2020.01.007


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

50. Tang A, Rabasa-Lhoret R, Castel H, et al.: Effects of insulin glargine and liraglutide therapy on liver fat as
measured by magnetic resonance in patients with type 2 diabetes: a randomized trial. Diabetes Care. 2015,
38:1339-46. 10.2337/dc14-2548

51. Alkhouri N, Herring R, Kabler H, et al.: Safety and efficacy of combination therapy with semaglutide,
cilofexor and firsocostat in patients with non-alcoholic steatohepatitis: A randomised, open-label phase II
trial. J Hepatol. 2022, 77:607-18. 10.1016/j.jhep.2022.04.003

52. Gastaldelli A, Cusi K, Fernández Landó L, Bray R, Brouwers B, Rodríguez Á: Effect of tirzepatide versus
insulin degludec on liver fat content and abdominal adipose tissue in people with type 2 diabetes
(SURPASS-3 MRI): a substudy of the randomised, open-label, parallel-group, phase 3 SURPASS-3 trial.
Lancet Diabetes Endocrinol. 2022, 10:393-406. 10.1016/S2213-8587(22)00070-5

53. Makri E, Kita M, Goulas A, Papaioannidou P, Efstathiadou ZA, Adamidou F, Polyzos SA: Comparative
effectiveness of glucagon-like peptide-1 receptor agonists versus dipeptidyl peptidase-4 inhibitors on
noninvasive indices of hepatic steatosis and fibrosis in patients with type 2 diabetes mellitus. Diabetes
Metab Syndr. 2020, 14:1913-9. 10.1016/j.dsx.2020.09.030

54. Newsome P, Francque S, Harrison S, et al.: Effect of semaglutide on liver enzymes and markers of
inflammation in subjects with type 2 diabetes and/or obesity. Aliment Pharmacol Ther. 2019, 50:193-203.
10.1111/apt.15316

55. Ohki T, Isogawa A, Iwamoto M, et al.: The effectiveness of liraglutide in nonalcoholic fatty liver disease
patients with type 2 diabetes mellitus compared to sitagliptin and pioglitazone. ScientificWorldJournal.
2012, 2012:496453. 10.1100/2012/496453

56. Fan H, Pan Q, Xu Y, Yang X: Exenatide improves type 2 diabetes concomitant with non-alcoholic fatty liver
disease. Arq Bras Endocrinol Metabol. 2013, 57:702-8. 10.1590/s0004-27302013000900005

57. Tian F, Zheng Z, Zhang D, He S, Shen J: Efficacy of liraglutide in treating type 2 diabetes mellitus
complicated with non-alcoholic fatty liver disease. Biosci Rep. 2018, 38:BSR20181304.
10.1042/BSR20181304

58. Armstrong MJ, Hull D, Guo K, et al.: Glucagon-like peptide 1 decreases lipotoxicity in non-alcoholic
steatohepatitis. J Hepatol. 2016, 64:399-408. 10.1016/j.jhep.2015.08.038

59. Savvidou S, Karatzidou K, Tsakiri K, Gagalis A, Hytiroglou P, Goulis J: Circulating adiponectin levels in type
2 diabetes mellitus patients with or without non-alcoholic fatty liver disease: Results of a small, open-label,
randomized controlled intervention trial in a subgroup receiving short-term exenatide. Diabetes Res Clin
Pract. 2016, 113:125-34. 10.1016/j.diabres.2015.12.003

60. Vedtofte L, Bahne E, Foghsgaard S, et al.: One year’s treatment with the glucagon-like peptide 1 receptor
agonist liraglutide decreases hepatic fat content in women with nonalcoholic fatty liver disease and prior
gestational diabetes mellitus in a randomized, placebo-controlled trial. J Clin Med. 2020, 9:3213.
10.3390/jcm9103213

61. Wang H, Xu H, Qu L, et al.: Red blood cell distribution width and globulin, noninvasive indicators of fibrosis
and inflammation in chronic hepatitis patients. Eur J Gastroenterol Hepatol. 2016, 28:997-1002.
10.1097/MEG.0000000000000662

62. Zhao X, Wang M, Wen Z, et al.: GLP-1 receptor agonists: beyond their pancreatic effects . Front Endocrinol
(Lausanne). 2021, 12:721135. 10.3389/fendo.2021.721135

63. Wang XC, Gusdon AM, Liu H, Qu S: Effects of glucagon-like peptide-1 receptor agonists on non-alcoholic
fatty liver disease and inflammation. World J Gastroenterol. 2014, 20:14821-30. 10.3748/wjg.v20.i40.14821

64. Cuthbertson DJ, Irwin A, Gardner CJ, 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:e50117. 10.1371/journal.pone.0050117

65. Wang Y, Parlevliet ET, Geerling JJ, et al.: Exendin-4 decreases liver inflammation and atherosclerosis
development simultaneously by reducing macrophage infiltration. Br J Pharmacol. 2014, 171:723-34.
10.1111/bph.12490

66. Xu F, Li Z, Zheng X, et al.: SIRT1 mediates the effect of GLP-1 receptor agonist exenatide on ameliorating
hepatic steatosis. Diabetes. 2014, 63:3637-46. 10.2337/db14-0263

67. Chalkiadaki A, Guarente L: Sirtuins mediate mammalian metabolic responses to nutrient availability . Nat
Rev Endocrinol. 2012, 8:287-96. 10.1038/nrendo.2011.225

68. Koska J, Sands M, Burciu C, et al.: Exenatide protects against glucose- and lipid-induced endothelial
dysfunction: evidence for direct vasodilation effect of GLP-1 receptor agonists in humans. Diabetes. 2015,
64:2624-35. 10.2337/db14-0976

69. Zambrano-Huailla R, Guedes L, Stefano JT, et al.: Diagnostic performance of three non-invasive fibrosis
scores (Hepamet, FIB-4, NAFLD fibrosis score) in NAFLD patients from a mixed Latin American population.
Ann Hepatol. 2020, 19:622-6. 10.1016/j.aohep.2020.08.066

70. Okerson T, Chilton RJ: The cardiovascular effects of GLP-1 receptor agonists . Cardiovasc Ther. 2012,
30:e146-55. 10.1111/j.1755-5922.2010.00256.x

71. Kasper P, Martin A, Lang S, Kütting F, Goeser T, Demir M, Steffen HM: NAFLD and cardiovascular diseases:
a clinical review. Clin Res Cardiol. 2021, 110:921-37. 10.1007/s00392-020-01709-7

72. Chen B, Tang WW, Rodriguez M, et al.: NAFLD in cardiovascular diseases: a contributor or comorbidity? .
Semin Liver Dis. 2022, 42:465-74. 10.1055/s-0042-1757712

73. Plows JF, Budin F, Andersson RA, et al.: The effects of myo-inositol and B and D vitamin supplementation in
the db/+ mouse model of gestational diabetes mellitus. Nutrients. 2017, 9:141. 10.3390/nu9020141

74. Wahrenberg H, Hertel K, Leijonhufvud BM, Persson LG, Toft E, Arner P: Use of waist circumference to
predict insulin resistance: retrospective study. BMJ. 2005, 330:1363-4. 10.1136/bmj.38429.473310.AE

75. Park SH, Choi SJ, Lee KS, Park HY: Waist circumference and waist-to-height ratio as predictors of
cardiovascular disease risk in Korean adults. Circ J. 2009, 73:1643-50. 10.1253/circj.cj-09-0161

 

2024 Njei et al. Cureus 16(10): e71366. DOI 10.7759/cureus.71366 23 of 23

https://dx.doi.org/10.1007/s00125-020-05265-7
https://dx.doi.org/10.1007/s00125-020-05265-7
https://dx.doi.org/10.2337/dc14-2548
https://dx.doi.org/10.2337/dc14-2548
https://dx.doi.org/10.1016/j.jhep.2022.04.003
https://dx.doi.org/10.1016/j.jhep.2022.04.003
https://dx.doi.org/10.1016/S2213-8587(22)00070-5
https://dx.doi.org/10.1016/S2213-8587(22)00070-5
https://dx.doi.org/10.1016/j.dsx.2020.09.030
https://dx.doi.org/10.1016/j.dsx.2020.09.030
https://dx.doi.org/10.1111/apt.15316
https://dx.doi.org/10.1111/apt.15316
https://dx.doi.org/10.1100/2012/496453
https://dx.doi.org/10.1100/2012/496453
https://dx.doi.org/10.1590/s0004-27302013000900005
https://dx.doi.org/10.1590/s0004-27302013000900005
https://dx.doi.org/10.1042/BSR20181304
https://dx.doi.org/10.1042/BSR20181304
https://dx.doi.org/10.1016/j.jhep.2015.08.038
https://dx.doi.org/10.1016/j.jhep.2015.08.038
https://dx.doi.org/10.1016/j.diabres.2015.12.003
https://dx.doi.org/10.1016/j.diabres.2015.12.003
https://dx.doi.org/10.3390/jcm9103213
https://dx.doi.org/10.3390/jcm9103213
https://dx.doi.org/10.1097/MEG.0000000000000662
https://dx.doi.org/10.1097/MEG.0000000000000662
https://dx.doi.org/10.3389/fendo.2021.721135
https://dx.doi.org/10.3389/fendo.2021.721135
https://dx.doi.org/10.3748/wjg.v20.i40.14821
https://dx.doi.org/10.3748/wjg.v20.i40.14821
https://dx.doi.org/10.1371/journal.pone.0050117
https://dx.doi.org/10.1371/journal.pone.0050117
https://dx.doi.org/10.1111/bph.12490
https://dx.doi.org/10.1111/bph.12490
https://dx.doi.org/10.2337/db14-0263
https://dx.doi.org/10.2337/db14-0263
https://dx.doi.org/10.1038/nrendo.2011.225
https://dx.doi.org/10.1038/nrendo.2011.225
https://dx.doi.org/10.2337/db14-0976
https://dx.doi.org/10.2337/db14-0976
https://dx.doi.org/10.1016/j.aohep.2020.08.066
https://dx.doi.org/10.1016/j.aohep.2020.08.066
https://dx.doi.org/10.1111/j.1755-5922.2010.00256.x
https://dx.doi.org/10.1111/j.1755-5922.2010.00256.x
https://dx.doi.org/10.1007/s00392-020-01709-7
https://dx.doi.org/10.1007/s00392-020-01709-7
https://dx.doi.org/10.1055/s-0042-1757712
https://dx.doi.org/10.1055/s-0042-1757712
https://dx.doi.org/10.3390/nu9020141
https://dx.doi.org/10.3390/nu9020141
https://dx.doi.org/10.1136/bmj.38429.473310.AE
https://dx.doi.org/10.1136/bmj.38429.473310.AE
https://dx.doi.org/10.1253/circj.cj-09-0161
https://dx.doi.org/10.1253/circj.cj-09-0161

	Efficacy and Safety of GLP-1 Receptor Agonists in Patients With Metabolic Dysfunction-Associated Steatotic Liver Disease: A Systematic Review and Meta-Analysis of Randomized Controlled Trials
	Abstract
	Introduction And Background
	Review
	Methods
	Results
	FIGURE 1: PRISMA study selection flow diagram.
	TABLE 1: Baseline characteristics of all included studies investigating the effect of GLP-1 among MASLD patients.
	FIGURE 2: (a) Summary of the results of quality assessment of included studies based on the RoB2 tool. (b) Overall risk-of-bias assessment in systematic review studies.
	FIGURE 3: (a) Forest plot of intervention efficacy on ALT. (b) Funnel plot of research homogeneity for ALT.
	FIGURE 4: (a) Forest Plot of intervention efficacy on LFC. (b) Funnel plot of research homogeneity for LFC.
	FIGURE 5: (a) Forest plot of intervention efficacy on triglyceride. (b) Funnel plot of research homogeneity for triglyceride.
	FIGURE 6: (a) Forest plot of intervention efficacy on body weight change. (b) Funnel plot of research homogeneity for body weight change.

	Discussion

	Conclusions
	Appendices
	Appendix A
	TABLE 2: Literature search keywords for different databases used in the search

	Appendix B
	TABLE 3: Eligibility criteria for studies upon screening the search results obtained.

	Appendix C
	FIGURE 7: (a) Forest plot of intervention efficacy on AST. (b) Funnel plot of research homogeneity for AST.

	Appendix D
	FIGURE 8: (a) Forest plot of intervention efficacy on FIB-4 score. (b) Funnel plot of research homogeneity for FIB-4 score.

	Appendix E
	FIGURE 9: (a) Forest plot of intervention efficacy on GGT score. (b) Funnel plot of research homogeneity for GGT score.

	Appendix F
	FIGURE 10: (a) Forest plot of intervention efficacy on diastolic blood pressure. (b) Funnel plot of research homogeneity for diastolic blood pressure.

	Appendix G
	FIGURE 11: (a) Forest plot of intervention efficacy on systolic blood pressure. (b) Funnel plot of research homogeneity for systolic blood pressure.

	Appendix H
	FIGURE 12: (a) Forest plot of intervention efficacy on total cholesterol. (b) Funnel plot of research homogeneity for total cholesterol.

	Appendix I
	FIGURE 13: (a) Forest plot of intervention efficacy on HDL levels. (b) Funnel plot of research homogeneity for HDL levels.

	Appendix J
	FIGURE 14: (a) Forest plot of intervention efficacy on LDL levels. (b) Funnel plot of research homogeneity for LDL levels.

	Appendix K
	FIGURE 15: (a) Forest plot of intervention efficacy on fasting blood sugar. (b) Funnel plot of research homogeneity for fasting blood sugar levels.

	Appendix L
	FIGURE 16: (a) Forest plot of intervention efficacy on HbA1c. (b) funnel plot of research homogeneity for HbA1c.

	Appendix M
	FIGURE 17: (a) Forest Plot of intervention efficacy on waist circumference. (b) Funnel plot of research homogeneity for waist circumference.

	Appendix N
	FIGURE 18: (a) Forest plot of intervention efficacy on BMI. (b) funnel plot of research homogeneity for BMI.


	Additional Information
	Author Contributions
	Disclosures

	References


