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Aims: Metabolic associated fatty liver disease (MAFLD) is the most common cause of
chronic liver disease and is a major health and economic burden in society. New drugs are
urgently needed to treat MAFLD. This systematic review and meta-analysis was
conducted to evaluate the efficacy of glucagon-like peptide-1 receptor agonists (GLP-
1RAs) in patients with MAFLD.

Method: We searched PubMed, Embase, Cochrane Library database, and Web of
Science since 1977. We selected all randomized controlled trials which met the inclusion
and exclusion criteria and evaluated the quality of evidence. A random-effects meta-
analysis was performed to assess all the primary and second outcomes.

Results: Eight randomized controlled trials, including 396 patients, of which 265 patients
had type 2 diabetes mellitus, met the inclusion criteria. Compared with the placebo or
active agents group, the GLP-RA group showed a significant reduction in the liver fat
content [weight mean difference (WMD) -3.17%, 95%CI -5.30 to -1.03, P < 0.0001], body
weight (WMD -4.58 kg, 95%CI -8.07 to -1.10, P = 0.010), waist circumference (WMD
-3.74 cm, 95%CI -6.73 to -0.74, P = 0.010), alanine aminotransferase (WMD -10.73 U/L,
95%CI -20.94 to -0.52, P = 0.04), g- glutamyl transferase (WMD -12.25 U/L,95% -18.85
to -5.66, P = 0.0003, with I²=23%), fasting blood glucose (MD, -0.36 mmol/L; 95%CI,
-0.69 to -0.03, P = 0.030), and hemoglobin A1c (WMD -0.36%, 95%CI -0.52 to -0.19, P <
0.0001). The reported adverse events were gastrointestinal complications with no serious
adverse events, and most symptoms were relieved within 1–2 weeks after dose titration.

Conclusion: GLP-RAs may improve liver injury and metabolic disorder in patients with
MAFLD, regardless of the presence of type 2 diabetes mellitus. The benefits of GLP-RAs
treatment outweigh the adverse effects of drugs in patients with MAFLD.

Keywords: metabolic associated fatty liver disease, non-alcoholic fatty liver disease (NAFLD), metabolic syndrome,
systematic review, meta-analysis, glucagon-like peptide-1 receptor agonists (GLP-1 RAs)
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INTRODUCTION

Metabolic associated fatty liver disease (MAFLD) is the most
common cause of chronic liver disease worldwide a common
factor resulting in the requirement for liver transplantation to
treat end-stage liver disease (1). According to a recent study,
MALFD affects about a quarter of the world’s adult population,
creating a major health and economic burden on society (2). In
April of 2020, experts from 22 countries reached a consensus to
define the diagnostic criteria for MAFLD based on the possible
causes of the disease. The criteria are based on evidence of hepatic
steatosis, in addition to one of the following three criteria,
overweight/obesity, type 2 diabetes mellitus, or evidence of
metabolic dysregulation (3). MAFLD exhibits a wide spectrum
of histologic abnormalities ranging from hepatic steatosis to
nonalcoholic steatohepatitis (NASH), which may progress to
cirrhosis and even hepatocellular carcinoma.

The incidence of MAFLD is increasing along with its common
comorbidities, including type 2 diabetes, obesity, dyslipidemia,
and hyperuricemia (4–6). The first-line treatment is lifestyle
intervention (7), with weight loss of 5%–10% beneficial for
patients with MAFLD (8). However, most patients do not
achieve or maintain dietary goals or their ideal body weight. In
a meta-analysis of the treatment of MAFLD, more than 50% of
patients failed to achieve their weight loss targets (9). Additionally,
no pharmacotherapy for MAFLD has been approved. Many
researchers have explored the drug treatment of MAFLD and
found that various agents can help relieve the disease progression,
such as thiazolidinone, vitamin E (PIVENS trial) (10), bile acid,
obeticholic acid (FLINT trial) (11), and lipid-lowering drugs and
other antioxidants. The differences between two or three therapies
have also been evaluated (10).

It has been suggested that patients with MAFLD have lower
concentrations of biologically active incretin hormones
compared to healthy individuals (12), which may results from
increased degradation by dipeptidyl peptidase-4 or a decreased
production of the incretin hormones (13). GLP-1 can increase
insulin synthesis and secretion in a glucose-dependent manner,
and GLP-1 receptors have been found in various tissues of the
human body (14). Recent animal studies confirmed that GLP-
1RAs, in addition to weight loss and hypoglycemic effects, can
reduce liver inflammatory lesions and even slow the process of
steatosis change into fibrosis. As a newly hypoglycemic drug,
researchers have observed that GLP-1RA can improve liver
function and lipid metabolism in patients with diabetes
showing elevated liver enzymes (15). GLP-1RAs suppress
glucagon release from pancreatic alpha cells, delay gastric
emptying, and enhance satiety. GLP-RAs can improve
Abbreviations: MAFLD, metabolic associated fatty liver disease; HCC,
hepatocellular carcinoma; GLP-1RAs, glucagon-like peptide-1 receptor agonists;
DDP-4, dipeptidyl peptidase 4; RCTs, randomized controlled trials; T2DM, type 2
diabetes mellitus; MD, mean difference; CI, confidence interval; LFC, liver fat
content; LFF, liver fat fraction; BMI, body mass index; ALT, alanine transaminase;
AST, aspartate transaminase; g-GGT, gamma-glutamyl transpeptidase; FBG,
fasting blood-glucose; TC, total cholesterol; TG, total triglyceride; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AEs,
adverse events; SAEs, serious adverse events.
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metabolic dysfunction, insulin resistance and lipotoxicity in
key metabolic organs in the pathogenesis of MAFLD (16).
Insulin resistance and lipotoxicity are pathognomonic features
of MAFLD. Studies have shown that one of the diagnostic criteria
for MAFLD is the presence of metabolic syndrome (3).
Liraglutide, a GLP-1RA, has significant effects on glycemic
control and can be used as a sub-treatment for patients with
obesity with metabolic disorders to induce weight loss and
insulin sensitivity (8). Various doses of GLP-1RAs have been
used, and several randomized controlled trials (RCTs) have
assessed the efficacy and safety of GLP-1RAs with other active
agents or placebo.

A meta-analysis of the LEAD program (17) demonstrated
that 26 weeks of liraglutide (1.8 mg) is safe, well-tolerated, and
improves liver enzymes in patients with type 2 diabetes. This
effect appears to be mediated by its action on weight loss and
glycemic control. Meta-analysis is an essential method for
estimating the comparative effectiveness of different treatments;
therefore, we performed meta-analysis of studies conducted in
the last 10 years to evaluate the effectiveness of GLP-1RAs for
treating MAFLD.
MATERIAL AND METHODS

The protocol for this systematic review was registered with
PROSPERO (CRD42020187053). This systematic review and
meta-analysis were conducted following the PRISMA guidelines.

Search Strategy
Our search strategy was consist of entry terms and MeSH terms.
We searched the Cochrane Library, Embase, PubMed and Web
of Science for relevant articles published through April 20, 2020.
We set no restrictions on the language of the articles. Clinical
trial registry websites and conference abstracts were included in
our search strategy, and we scanned the reference lists of eligible
articles for additional eligible studies.

For example, in PubMed, we searched (“Non-alcoholic Fatty
Liver Disease” OR “Fatty Liver*” OR “Nonalcoholic Fatty Liver
Disease” OR “Nonalcoholic Fatty Liver*” OR “Nonalcoholic
steatohepatitis*” OR “Non-alcoholic steatohepatitis” OR
“NASH”) AND (“Glucagon-Like Peptide 1” OR “GLP-1”
OR “Liraglutide” OR “Albiglutide” OR “Dulaglutide” OR
“Semaglutide” OR “Lixisenatide” OR “Taspoglutide” OR
“Exenatide” OR “Elsiglutide” OR “Teduglutide”). Eligible records
were limited to RCTs. The details of the search strategy was shown
in the supplementary material.

Inclusion Criteria and Exclusion Criteria
Studies were considered as eligible if they met the following
inclusion criteria. First, the populations were adult patients
(aged>18 years) with MAFLD, with or without diabetes.
MAFLD was diagnosed based on liver histology biopsy or
imaging examination (ultrasonography, computed tomography,
magnetic resonance imaging, magnetic resonance spectroscopy,
and others). Included patients satisfied the following criteria: 1)
alcohol intake not exceeding 21 standard drinks per week in men
February 2021 | Volume 11 | Article 622589
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and 14 standard drinks per week in women over a 2‐year period
preceding baseline liver histology or imaging examination (10);
and 2) exclusion of secondary causes of liver diseases (e.g.,
autoimmune, viral hepatitis, Wilson’s disease or exposure to
drugs that could induce steatosis). Second, the treatment
intervention was GLP-1RAs (with no restriction on the GLP-
RAs types). Third, the primary outcome was reduced severity of
MAFLD or reduction in the liver fat fraction (LFF) or liver fat
content (LFC) from baseline. The secondary outcomes were the
change in body weight, waist circumference, liver enzyme levels
[alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and/or g-glutamyl transferase(g-GGT)], and fasting
blood glucose (FBG) from baseline. Fourth, the study design
must be an RCT.

We excluded case reports, case series, cross-sectional,
retrospective studies and observational studies. We also
excluded conference abstracts for which full-text or complete
data were not available.

Studies Selection and Data Extraction
Trials from the database were managed using EndNote X9
software to remove duplicate articles. The titles and abstracts
were independently screened by two reviewers (YD and ZL) and
then independently screened the full-text articles. If any
discrepancy between the two reviewers was found, the article
would be resolved after discussion.

Two reviewers (YD and ZL) independently extracted the
following information from eligible studies: study characteristics
(first author, year of publication, sample size, intervention, the
comparison group, follow-up time and patient age composition),
and clinical outcomes (LFF/LFC, body weight, waist circumference,
ALT, AST, g-GGT, and FBG). All data were recorded in standard
forms. Then the extraction results were checked by another reviewer
(LY) and discussed to resolve any disagreements.

Assessment of Risk of Bias of
Included Studies
The quality of eligible studies was assessed with Cochrane Risk of
Bias Tools (18), and included the following step: 1) random
sequence generation (selection bias); 2) allocation concealment
(selection bias); 3) blinding of participants and personnel
(performance bias); 4) blinding of outcome assessment
(detection bias); 5) incomplete outcome data (attrition bias); 6)
selective reporting (reporting bias); 7) other bias; there were
some biases that were not mentioned, which were closely related
to the results. Each study was considered to have a “high risk of
bias”, “low risk of bias”, or “unclear risk of bias”. Two authors
(YD and ZL) independently assessed and checked the quality
evaluation of RCTs. Any disagreement was discussed among
these researchers or judged by another researcher (LY).

Statistical Analysis
All statistical analyses were performed using Review Manager
version 5.4.1. A Chi-square test was used to determine
heterogeneity across studies (a=0.1). The I2 statistic was
applied to quantitatively evaluate the heterogeneity of studies.
Studies with an I2 statistic of 25%–50% were considered to have
Frontiers in Endocrinology | www.frontiersin.org 3
low heterogeneity, those with an I2 of 50%–75%were considered
to have moderate heterogeneity and those with an I2 > 75% were
considered to have high heterogeneity. A random effects model
was applied regardless of heterogeneity. According to the
characteristics of the studies, we conducted subgroup analyses
and sensitivity analyses to explain the possible source of
heterogeneity. Normally distributed continuous variables are
described as the mean ± standard deviation. In some studies,
the levels of changes in the outcomes were not reported. We
requested this information from the corresponding author or
used the conversion formulas recommended in the Cochrane
Handbook Version 5.0.2 to calculate the changes in outcomes.
Differences were expressed as the weight mean difference
(WMD) with the 95% confidence interval (CI) for continuous
outcomes. Results were considered as significant when P < 0.05.
RESULTS

Study Flow and Characteristic of Studies
Through database searches, 366 records (PubMed 56; Embase 92;
Cochrane Library 105; Web of Science 113) were found. After
removing duplicates, 357 records remained; 66 records were
selected for full-text assessment after screening the title and
abstract, and 58 studies were excluded for the following reasons:
1) full-text content duplication (n=25); 2) only RCT registration
information or trial in progress (n=13); 3) inadequate data on
outcomes of interest (n=12); and 4) unclear or unsuitable in
terms of PICOS (n=8). Only eight full-text articles, involving a
number of 396 adult patients met the inclusion. The flow chart is
shown in Figure 1.

The RCTs were published from 2014 to 2020 and the
characteristics of the eight included studies are shown in Table 1.
The 396 adult patients were involved in 6 trials of liraglutide (265
patients) and 2 trials of exenatide (131 patients). In these studies,
fatty liver was diagnosed by either biopsy confirmation or imaging
examination. Only Armstrong et al. (19) used histology biopsy to
estimate the severity of MAFLD. We found that methods for non-
invasively assessing liver fat content varied by study, with magnetic
resonance imaging (MRI) used by Khoo (21, 22) and Yan (25),
whereas Zhang and Liu (23, 26) used 1H-MRS. Shao (24) and Feng
(20) used ultrasound imaging to assess liver fat content and stiffness.
In addition, in control group, one study used liraglutide-placebo,
one study used gliclazide, two studies used lifestyle modification,
three studies used insulin therapy (both intensive insulin therapy or
insulin plus metformin) and one study used pioglitazone plus
metformin. A summary of the approaches used for liver steatosis
assessment is shown in Table 2.

Quality Assessment of the Evidence
We evaluated the risk of bias of the included studies using Cochrane
Risk of Bias Tools.We found that only the study by Armstrong et al.
(19) had a low risk of bias. Seven of the eight studies lacked
participant blinding, which means they were open-label RCTs. No
participants drop out in three studies, whereas participants were lost
to follow-up in five studies. Only one study did not report the
reason for participant drop out and the solution to lost follow-up
February 2021 | Volume 11 | Article 622589
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data. Based on these limitations, the quality of evidence for our
assessment of the combined effects was downgraded. For the
remaining bias, most studies were moderate or low risk and the
details are shown in Figures 2 and 3.
Frontiers in Endocrinology | www.frontiersin.org 4
Effects of Interventions
The included eight studies consisted of six liraglutide therapy
studies and two exenatide therapy studies. Subgroup analysis was
conducted when necessary.
FIGURE 1 | Flow diagram of study selection.
TABLE 1 | Characteristics of included studies.

Study/Year Sample
(N)

T2DM
(Y/N)

Age (year) Intervention (Dose) Follow-up time
(Week)

Diagnostic
method

Experimental group Control group

Armstrong et al.
(19)

52 Y 51.0 (11.4) Liraglutide (max 1.8 mg qd) Liraglutide-placebo (1.8 mg qd) 48 Biopsy-
confirm

Feng et al. (20) 58 Y 47.4 (2.2) Liraglutide (max 1.8 mg qd) Gliclazide (max 120 mg qd) 24 USG
Khoo et al. (21) 24 N 41.4 (9.4) Liraglutide (max 3 mg qd) Lifestyle modification 26 MRI
Khoo et al. (22) 30 N 40.7 (9.1) Liraglutide (max 3 mg qd) Lifestyle modification 26 MRI
Liu et al. (23) 71 Y 49.1 (11.0) Exenatide (max 10 mg bid) Insulin glargine 24 1H-MRS
Shao et al. (24) 60 Y 43.0 (4.1) Exenatide (max 10 mg bid) +

insulin glargine
Intensive insulin therapy (insulin
aspartate + insulin glargine)

12 USG

Yan et al. (25) 48 Y 44.4 (8.7) Liraglutide (max 1.8 mg qd)
+metformin 1.5 g

Insulin glargine + metformin 1.5 g 26 1H-MRS

Zhang et al. (26) 60 Y 50.9 (11.7) Liraglutide (max 1.2mg qd) +
metformin 0.5g tid

Pioglitazone (max 30 mg qd) +
metformin 0.5 g tid

24 1H-MRS
February 20
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USG, ultrasonography; MRI, magnetic resonance imaging; 1H-MRS, magnetic resonance spectroscopy.
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Primary Outcome
Only one study used biopsy to measure improvement in liver
fibrosis and steatosis from baseline to the end of treatment
[Armstrong et al. (19)]. In this trial, 9 (39%) of 23 patients in the
liraglutide group shown resolution of definite non-alcoholic
steatohepatitis compared with 2 (2%) of 22 patients in the
placebo group (RR, 4.3; 95%CI, 1.0 to 17.7; P =0.019). Fewer
patients in the liraglutide group exhibited progression of fibrosis
compared with placebo group and a greater proportion of patients
in the liraglutide group showed improvement in steatosis and
hepatocyte ballooning compared with the placebo group.

We conducted a meta-analysis of LFC or LFF among 6 studies
(20–23, 25, 26), which included 291 participants. A heterogeneity
test showed that the result had low heterogeneity, with I2 = 31%.
GLP-RAs significantly improved the LFC (WMD -3.17%, 95%CI
-5.30 to -1.03, P < 0.0001) (Figure 4). Shao et al. (24) used ultrasound
to divide the LFC into four levels: absent,mild,moderate, and severe.
They measured degrees of severity of fatty liver (FL) from baseline
to the end of treatment in the exenatide and intensive insulin
therapy groups. After the study, they observed a regression from a
greater to lower degree of FL in both groups. The reversal rate in the
exenatide group was 93.3% versus 66.7% in the intensive insulin
therapy group, with a significant difference between groups (P <
0.01). Although the methods used in each study varied, GLP-RAs
groups were more likely to demonstrate significant improvements
in LFC compared to the control groups.
Secondary Outcomes
Effect of GLP-RAs on Anthropometric Measuring
All eight studies (396 patients) that met the requirements reported
changes in body weight and waist circumference before and after
treatment. For body weight, heterogeneity was measured as an I²
of 94% (P < 0.00001). In contrast to the control group, GLP-RAs
significantly reduced body weight (WMD -4.58kg, 95%CI -8.07 to
-1.10, P=0.010) (Figure 5) compared with the control group. The
measurements of waist circumference also shown high
heterogeneity (I² = 91%). According to a random-effect model,
there were significant differences in the GLP-1RA group to in
TABLE 2 | Summary of technology of liver steatosis assessment.

Study/Year Sample
(N)

Diagnostic
method

Non-invasive tests Cut-off value of inclusion criteria

Armstrong et al. (19) 52 Biopsy-confirm N Macrovesicular steatosis >5%, hepatocyte ballooning and lobular inflammation.
Feng et al. (20) 58 Quantitative

ultrasonography
Y Intrahepatic fat (IHF) ≥10% (measured by standardized ultrasonography H/R ratio

and hepatic attenuation rate)
Khoo et al. (21) 24 MRI Y Liver fat fraction (LFF) ≥5.5% (measured with MRI in a predetermined standardized

area of the liver)
Khoo et al. (22) 30 MRI Y Liver fat fraction (LFF) ≥5.5% (measured with MRI in a predetermined standardized

area of the liver)
Liu et al. (23) 71 1H-MRS Y Liver fat content (LFC) >10%
Shao et al. (24) 60 Abdominal

ultrasound
Y Fatty liver (FL) was qualitatively classified as absent FL, mild FL, moderate FL and

severe FL
Yan et al. (25) 48 1H-MRS Y Intrahepatic lipid (IHL) >10% (measured by magnetic resonance imaging–estimated

proton density fat fraction, MRI-PDFF)
Zhang et al. (26) 60 1H-MRS Y Hepatic fat content was measured by proton 1H-MRS on a 1.5 T whole-body MRI

scanner
FIGURE 2 | Risk of bias summary: review authors’ judgements about each
risk of bias item for each included study.
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compared with the control group (WMD -3.74 cm, 95%CI -6.73 to
-0.74, P = 0.010) (Figure 6).We then performed subgroup analysis
between liraglutide and exenatide treatment. Both liraglutide and
exenatide therapy significantly reduced body weight (WMD,
-3.25 kg; 95%CI, -6.73 to -0.74; P = 0.03 vs. WMD, -7.40 kg;
95%CI, -14.55 to -0.26; P = 0.04) and waist circumference (WMD,
-2.61 cm; 95%CI, -5.35 to 0.13; P = 0.06 vs. WMD, -6.74 cm; 95%
CI, -11.11 to -2.36; P = 0.003).

Effect of GLP-RAs on Serum Liver Enzyme
Eight studies reported the effects of GLP-RAs on ALT and AST.
Particularly, Zhang (26) found that the statistics of ALT, AST, and
Frontiers in Endocrinology | www.frontiersin.org 6
g-GGT had skewed distributions, and logarithmic transformation
shown that the data had a lognormal distribution. Considering
these differences in statistics distributions, we temporarily
removed the data from the study by Zhang to evaluate the
effects of ALT, AST, and g-GGT levels.

After treatment, ALT levels of the GLP-RAs groups were
significantly decreased compared to those in the control group.
The GLP-RAs improved ALT compared with the control group
(WMD -10.73 U/L, 95%CI -20.94 to -0.52, P = 0.04), showing
high heterogeneity (I ²= 74%) (Figure 7). Subgroup analysis of
the different therapies revealed a significant difference in the
reduction of ALT in the exenatide group (WMD -22.16 U/L,95%
FIGURE 3 | Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies.
FIGURE 4 | Mean difference or standard mean difference in change from baseline between glucagon-like peptide-1 receptor agonists (GLP-1RAs) vs. control. SD,
Standard deviation; CI, confidence interval; IV, inverse variance; liver fat fraction or liver fat content (%).
FIGURE 5 | Mean difference or standard mean difference in change from baseline between glucagon-like peptide-1 receptor agonists (GLP-1RAs) vs. control. SD,
Standard deviation; CI, confidence interval; IV, inverse variance; body weight (kg).
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CI -38.44 to -5.88, P = 0.008, I2 = 84%) compared to in the control
group. However, this effect was not observed for the liraglutide
group (WMD -5.21 U/L,95%CI -12.93 to 2.51, P = 0.19). We found
that GLP-1RAs did not significantly affect AST compared with the
control group (WMD -0.17 U/L, 95%CI -0.44 to 0.09, P = 0.15, I² =
29%) (Figure 8). Only four studies (19, 23, 24, 26) reported results
for g-GGT; we chose three of these studies to evaluate the
combined effects. The random-effect model shown that GLP-
1RAs had a significant effect on g-GGT (WMD -12.25 U/L,95%
-18.85 to -5.66, P = 0.0003, with I² = 23%) (Figure 9).

Effect of GLP-RAs on Glucose Metabolism
All eight trials reported changes in FBG; the heterogeneity was
39%, which was assessed by I². A random-effects model
demonstrated a significant difference between the GLP-1RAs
group and control group (WMD -0.36 mmol/L, 95%CI -0.69 to
Frontiers in Endocrinology | www.frontiersin.org 7
-0.03, P = 0.030) (Figure 10). HbA1c was reported in six trials
(342 patients) with low heterogeneity (I²=0%). The meta-analysis
showed a significant reduction in Hb1Ac in patients treated with
GLP-1RAs compared to those in the control group (WMD
-0.36%, 95%CI -0.52 to -0.19, P < 0.0001) (Figure 11).

Safety
All studies recorded adverse events (AEs), which were mostly
gastrointestinal complications with no serious AEs, such as
serious hypoglycemia or acute pancreatitis. The main AEs
involved nausea, vomiting, diarrhea, decreased appetite,
flatulence, and abdominal pain. Adverse gastrointestinal
reactions mainly occur during the dose increase period, and
most AE symptoms are relieved within 1–2 weeks after dose
titration. The incidence of adverse reactions was related to the
drug dose used in the study. Particularly, in two studies by Khoo
FIGURE 6 | Mean difference or standard mean difference in change from baseline between glucagon-like peptide-1 receptor agonists (GLP-1RAs) vs. control. SD,
Standard deviation; CI, confidence interval; IV, inverse variance; waist circumference (cm).
FIGURE 7 | Mean difference or standard mean difference in change from baseline between glucagon-like peptide-1 receptor agonists (GLP-1RAs) vs. control. SD,
Standard deviation; CI, confidence interval; IV, inverse variance; alanine transaminase (ALT).
FIGURE 8 | Mean difference or standard mean difference in change from baseline between glucagon-like peptide-1 receptor agonists (GLP-1RAs) vs. control. SD,
Standard deviation; CI, confidence interval; IV, inverse variance; aspartate aminotransferase (AST, U/L).
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et al. (21, 22), patients were administered 3 mg liraglutide per
day, increasing the incidence of adverse reactions.

Sensitivity Analysis
We carried out sensitivity analysis to test for heterogeneity.
Removing each article from the analysis individually, suggested
that the study by Shao et al. was the source of heterogeneity. For
ALT, after deleting the article, the I2-value changed from 74% to
28%, and the P-value changed slightly (from 0.03 to 0.04). While
the effect of ALT levels changed from (WMD -10.73 U/L, 95%CI
-20.94 to -0.52) to (WMD -7.69 U/L, 95%CI -14.57 to -0.80). We
did not observe the same change in body weight or waist
circumference. These changes may be related to the patients’
baseline ALT level, which was higher in the study by Shao et al.
(patients with ALT >2.5-fold and <5-fold the upper limit of
normal were included). However, most of these patients were
excluded from other studies.

Based on the differences between control groups, we
temporarily excluded the two studies by Khoo et al. because of
the large clinical heterogeneity in the trial design of these studies.
After removing these studies, we conducted the combined
Frontiers in Endocrinology | www.frontiersin.org 8
analysis again and found that the ALT level in the GLP-RAS
group was significantly improved compared with that in the
control group (WMD, -15.21; 95%CI, -25.45 to -4.98; P = 0.004).
Other outcomes, such as AST, FBG, and HbA1c, showed low
heterogeneity, and thus we did not perform further tests.

Publication Bias
As the number of studies included was <10, we did not carry out
a test of publication bias or draw funnel plots.
DISCUSSION

In our systematic review and meta-analysis, we evaluated the
efficacy and safety of GLP-1 RAs for patients with MAFLD.
However, only liraglutide and exenatide therapy were included in
our assessment of the effects of MAFLD treatment. For meta-
analysis of LFC or LFF among six studies, we used the fixed-effect
model and standard mean differences, which showed that GLP-
RAs significantly improved the LFC (WMD -3.17%, 95%CI -5.30
to -1.03, P < 0.0001).
FIGURE 9 | Mean difference or standard mean difference in change from baseline between glucagon-like peptide-1 receptor agonists (GLP-1RAs) vs. control. SD,
Standard deviation; CI, confidence interval; IV, inverse variance; gamma-glutamyl transpeptidase (g-GGT, U/L).
FIGURE 10 | Mean difference or standard mean difference in change from baseline between glucagon-like peptide-1 receptor agonists (GLP-1RAs) vs. control. SD,
Standard deviation; CI, confidence interval; IV, inverse variance; fasting blood-glucose (FBG, mmol/L).
FIGURE 11 | Mean difference or standard mean difference in change from baseline between glucagon-like peptide-1 receptor agonists (GLP-1RAs) vs. control. SD,
Standard deviation; CI, confidence interval; IV, inverse variance; HbA1c (%).
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Heterogeneity existed in the trial designs of the included studies,
Khoo et al. mainly selected patients with MAFLD without diabetes.
In the current consensus of MAFLD, type 2 diabetes is one of the
three auxiliary diagnostic criteria (3). Therefore, there may be
differences in the baseline characteristics and outcome indicators,
such as FBG levels. Moreover, in Khoo et al.’s study, the maximum
dose of liraglutide was 3 mg per day rather than the more common
1.8 mg per day. According to previous studies (19), the adverse
effects of GLP-RAs were related to its dosage, and the authors also
reported a higher probability of gastrointestinal adverse events. In
contrast, large doses of liraglutide (3 mg per day) have been
approved for weight management in obesity, and studies
confirmed the dose-dependent weight loss effect (27). However,
whether its direct effect on the liver is increased requires further
analysis. Notably, in the study by Khoo et al. in 2019 (22), at the end
of 26 weeks of intervention, the treatment effects were equivalent in
the two groups. After stopping liraglutide and continuing follow-up
for another 26 weeks, they found that the GLP-RAs group did not
maintain the same level of improvement as the control group. This
information may facilitate analysis of the optimal dosage and
treatment course for GLP-RAs, and may help promote research
on the after-effects of these new drugs.

The gold standard of the MAFLD diagnostic method is
histological biopsy, which is an invasive method. Because of
objective problems such as the difficulty of the puncture biopsy
technique, difficulty in obtaining pathological samples, and
patients’ refusal of invasive examination, many doctors tend to
choose non-invasive tests (NITs) in clinical practice. As a result,
researchers may choose NITs rather than pathological biopsy as
the primary outcome indicator to estimate liver disease. In
October, the Asia Pacific Association for the Study of the Liver
(APASL) recommended the use of NITs for the diagnosis of
MAFLD, disease severity assessment, disease progression and
treatment response monitoring (28). However, liver biopsy
remains the gold standard for the diagnosis and staging of
steatohepatitis and fibrosis, particularly in patients with
uncertain clinical manifestations, critical NIT results or
inconsistent with clinical manifestations. Armstrong et al.
conducted the first randomized controlled study to evaluate
liver histology both at baseline and at the end of the study,
ensuring that all patients included in the study were diagnosed
using the gold-standard method for MAFLD. In this study, a
greater proportion of patients administered liraglutide showed
improvements in steatosis and hepatocyte ballooning (19).
Liraglutide also improves weight and glycemic control may
help improve the risk of future cardiovascular disease and
premature death in patients with nonalcoholic steatohepatitis.

The efficient and safe drug for treating MAFLD is a complex
problem, and there is no recommended drug treatment plan for
MAFLD. Most treatment methods are based on weight loss,
glucose metabolism improvement, and anti-oxidative stress
methods, such as vitamin E, thiazolidinediones, statins, and
dipeptidyl peptidase-4 inhibitors. Sanyal (10) designed a three-
arm study showing that for non-diabetic patients with NASH,
vitamin E and pioglitazone have a better effect on liver function,
Frontiers in Endocrinology | www.frontiersin.org 9
but the long-term effectiveness and safety require further
research. Furthermore, GLP-1R expression has been identified
in the hepatocytes of both rodents and humans (29). Previous
studies suggested that the effects of GLP-1RAs on the liver
cannot be fully explained by weight loss and hypoglycemic
effects. It has been confirmed in animal studies that liraglutide
can alleviate liver steatosis, insulin resistance and endoplasmic
reticulum oxidative stress in mice without weight loss (30, 31). A
recent animal study showed that liraglutide can modulate the
expression and activity of the hepatic renin-angiotensin system
through the GLP-1/RAS axis and ameliorate MAFLD (32).
Research on GLP-1 in patients with liver injury has gradually
increased; but is still mainly based on retrospective studies, case
reports or cohort studies.

In the past decade, there have been some meta-analyses for
GLP-RA treatment of MAFLD (33, 34). Dong et al. (33)
evaluated three RCTs and three observational studies (a total
of 329 people), among which one RCT and two observational
trials used liver pathological biopsy as a diagnostic method. They
found that GLP-RAs can significantly improve liver histological
changes and liver enzyme changes in biopsy-confirmed patients
with NASH. However, because of the small sample size of the
meta-analysis, the reliability of the results requires further study.
GLP-RAs, as a relatively safe hypoglycemic drug, reported that
most AEs were almost gastrointestinal complications. These
gastrointestinal AEs mainly occur during the dose increase
period, and most AE symptoms are relieved within 1–2 weeks
after dose titration.

Our study had several limitations. First, considering the wide
clinical heterogeneity of different RCTs, such as different design
methods, drug types, drug dosages and different choices of the
control group, we used a random-effects model in some analyses
to reduce the influence of these factors. We also excluded some
conference abstracts, clinical trial registration information, and
posters, because we did not have access to the full-text articles
and data. Moreover, the search and screening process of
registration information revealed several eligible ongoing
studies (35–40) concentrating on the effects of different types
of GLP-RAs, such as semaglutide and dulaglutide. In recent
years, several observational trials, cohort studies, case reports,
and one-arm studies (41), have demonstrated significant
improvements in liver steatosis, serum liver enzyme, and
glycolipid metabolism disorder.
CONCLUSION

In summary, we demonstrated that GLP-1RAs reduce liver fat
content and body weight and improve the laboratory metabolic
parameters in adults with MAFLD without serious safety
concerns. Thus, GLP-1RAs can be used as anti-MAFLD drugs,
particularly in patients at a higher risk of MAFLD complications.
Given the limited study population, randomized trials of
observational cohorts are needed to confirm the clinical usage
of GLP-1RAs in adults with MAFLD.
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