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Abstract

Objective: To undertake a network meta-analysis to compare the relative efficacy of a dual

peroxisome proliferator-activated receptor (PPAR)a and PPARc agonist, glucagon-like peptide-1

receptor agonists (GLP-1RAs) and metformin in patients with non-alcoholic fatty liver disease

(NAFLD).

Methods: Electronic databases, including EmbaseV
R
, PubMedV

R
and The Cochrane Library, were

searched systematically for eligible studies from inception to 20 July 2022. Randomized controlled

trials (RCTs) that investigated aspartate aminotransferase, alanine aminotransferase (ALT) and

triglyceride levels were considered for inclusion. Data were extracted using a standardized data

collection table. A network meta-analysis was performed. Relative risk and 95% confidence

interval were calculated for continuous data and I2 was used to assess the heterogeneity of

studies.

Results: A total of 22 RCTs involving 1698 patients were eligible for inclusion in the analysis.

Both direct analysis and indirect analysis showed that saroglitazar was significantly superior to

GLP-1RAs in improving ALT levels. Metformin improved ALT levels, but the effect was not as

good as saroglitazar.

Conclusion: Saroglizatar was the most effective drug for improving NAFLD.
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Introduction

The prevalence of non-alcoholic fatty liver
disease (NAFLD) is gradually increasing
worldwide.1 Non-alcoholic steatohepatitis
(NASH) is the severe stage of NAFLD and
may further progress to cirrhosis and hepa-
tocellular carcinoma.2 Currently, the manage-
ment of NAFLD mainly focuses on lifestyle-
related interventions, including healthy diets,
caloric restriction and increased aerobic exer-
cise.3 However, the morbidity and mortality
caused by NAFLD are still high in modern
society.4 Recently, several medications for
NAFLD have been developed.5

Hepatic lipid accumulation is one of the
pathogenetic causes of NAFLD.6 Peroxisome
proliferator-activated receptor (PPAR) a and
PPARc are nuclear receptors that play key
roles in modulating hepatic lipid metabolism.7

Saroglitazar, a novel dual PPARa and
PPARc agonist, can improve alanine amino-
transferase (ALT), aspartate aminotransfer-
ase (AST) and triglyceride (TG) levels in
NAFLD patients.8 Due to its efficacy, saro-
glitazar is now available in India as the first
pharmacotherapy for NASH.9 Glucagon-
like peptide-1 (GLP-1) is a pleiotropic hor-
mone secreted by the gut with broad
pharmacological potential in lowering
blood glucose levels.10 GLP-1 receptor ago-
nists (GLP-1RAs) have been widely applied
in treating type 2 diabetes mellitus
(T2DM).11 Interestingly, several studies
have shown that GLP-1RAs also have a
potential therapeutic effect on preventing
the development of NAFLD.5 GLP-1Ras,
including liraglutide and semaglutide, have
a good effect on reducing ALT and AST
levels in patients with NAFLD.12 Metformin
has been a classic glucose-lowering drug for

patients with T2DM over the past
60 years.13 More importantly, its ability to
combat the disease process involved in the
development of NAFLD has been identified
in recent years.13 Treatment with metformin
for 72 weeks can improve ALT levels in
patients with NAFLD.14

Data directly comparing the efficacy of
various drugs on NAFLD are lacking,
which may limit their clinical application.
This current study undertook a network
meta-analysis to compare the relative effi-
cacy of dual PPARa and PPARc agonists,
GLP-1RAs and metformin in patients with
NAFLD.

Materials and methods

Search strategy

This network meta-analysis was conducted in
accordance with the PRISMA guidelines.15

Electronic databases, including EmbaseVR ,
PubMedVR and The Cochrane Library, were
searched from inception to 20 July 2022 using
the following keywords: (“liraglutide”[Mesh]
OR “semaglutide” OR “dulaglutide” OR
“saroglitazar” OR “metformin”) AND
(“Non-alcoholic Fatty Liver Disease”[Mesh]
OR “NAFLD” OR “Nonalcoholic Fatty
Liver Disease”. The search was limited to
human studies published in the English lan-
guage. In error, this study was not prospec-
tively registered, but it has been now
registered retrospectively at INPLASY: regis-
tration number INPLASY202340066.

Eligibility criteria

Two reviewers (Z.Y.Z and Q.Y.) indepen-
dently screened records according to the
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title/abstract and then screened the full text

of the relevant records according to prespe-

cified screening criteria. Disagreements

during this process were resolved by con-

sensus and a third reviewer (W.H.W.).

The trials included in this network meta-

analysis were selected based on the follow-

ing criteria: (i) they were phase II, III or IV

randomized controlled trials (RCTs); (ii)

they included adults and adolescents

patients with NAFLD, which was con-

firmed by biopsy or other testing; (iii) they

compared dual PPARa and PPARc agonist

(saroglitazar) or GLP-1RAs (including

semaglutide, liraglutide and dulaglutide)

or metformin with placebo or each other;

(iv) they had a follow-up duration of at

least 4 months; (v) they reported the prima-

ry outcome of AST and ALT levels and/or

the secondary outcome of serum TG levels.

Data extraction and quality assessment

Data from the included literature were

extracted into a standardized table in

Microsoft Excel 2022 (Microsoft, Redmond,

WA, USA) and included the following: (i)

study characteristics (author names, year of

publication, research duration); (ii) partici-

pants characteristics (age, sex, body mass

index [BMI], diabetes history); (iii) treatment

characteristics (sample size, intervention time

of each group); (iv) outcome assessments

(changes in AST, ALT and TG levels from

baseline in each treatment group).
The Cochrane Risk of Bias Tool was

used to evaluate the risk of bias of each

study, including the random generation

sequence, concealment of assignments,

patient and investigator blinding, outcome

assessment blinding, incomplete outcome

data, selective results reporting or other

sources of bias.16 Risk of bias was classified

as low, high or unclear.

Statistical analyses

The comparison of different interventions
was made by calculating alterations from
baseline to the end of intervention of the
primary/secondary outcomes. According
to the data provided by the original litera-
ture, the changes of the mean� SD were
calculated. When median, range and size
of a sample were used instead of the mean-
� SD, a previously published method was
used for the estimation.17 A random-effects
model was applied to estimate 95%
confidence interval (CI) in the direct meta-
analysis. Direct comparisons were per-
formed using RevMan software (version
5.3; Cochrane Collaboration, Oxford, UK).
I2 statistics were used as the main indicator
of statistical heterogeneity, with values
�50% indicating significant heterogeneity.

Due to the limited sample size, indirect
comparisons were used to explore the dif-
ference in efficacy between two regimens. In
order to evaluate the consistency of direct
comparison and indirect comparison, a
node splitting method was used to estimate
the effect of indirect comparisons. A
P-value <0.05 was considered statistically
significant.

Results

The initial database search identified 486
articles. Of these, 22 studies were selected
for this meta-analysis (Figure 1).18–39 The
characteristics of the included studies are
summarized in Table 1.18–39 A total of
1698 patients with NAFLD were included
in the 22 studies, with a mean age of
44.3 years and a median follow-up time of
12–96 weeks. Among the included studies,
one study explored the efficacy of the dual
PPARa and PPARc agonist saroglitazar,20

while seven studies assessed the effects
of GLP-1RAs.18,19,21–23,38,39 The remaining
14 studies evaluated the efficacy of
metformin.24–37 Twenty studies used
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placebo as the control;18–37 and two studies
compared the effect between liraglutide and
metformin.38,39 According to the Cochrane
Collaboration’s tool for assessing risk of
bias, all of these studies were at a low-to-
moderate risk of bias (see supplementary
materials, Supplementary Figure 1).

With regard to the primary outcome of
lowering circulating ALT levels, the direct
meta-analysis included 21 RCTs.18–36,38,39

Compared with placebo, saroglitazar was
associated with an improvement in ALT
levels in patients with NAFLD (95% CI:
�1.66, �0.74) (Figure 2a). GLP-1RAs
such as semaglutide, liraglutide and dula-
glutide or metformin did not significantly
improve ALT levels in NAFLD patients
(Figure 2a).

With regard to the primary outcome of
lowering circulating ALT levels, the indirect

Figure 1. Flow diagram of eligible studies showing the number of citations identified, retrieved and included
in the final network meta-analysis to compare the relative efficacy of dual peroxisome proliferator-activated
receptor (PPAR)a and PPARc agonists, glucagon-like peptide 1 receptor agonists and metformin in patients
with non-alcoholic fatty liver disease (NAFLD).
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Figure 2. Direct meta-analysis (a), network graphs (b) and network meta-analysis (c) for the primary
outcome of alanine aminotransferase levels. In the reticulation diagram (b), the size of the dots represents
the number of patients with relevant interventions and the thickness of the wires represents the number of
included studies.
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meta-analysis demonstrated the network
comparisons of available treatments in
assessing the effects in improving circulat-
ing ALT levels (Figure 2b). Consistent with
the direct meta-analysis, saroglitazar signif-
icantly improved ALT levels in NAFLD
patients when compared with placebo,
metformin and liraglutide (P< 0.05)
(Figure 2c). The Surface Under the
Cumulative RAnking (SUCRA) score
showed that saroglitazar ranked the highest
in terms of improving ALT level, while the
ranking for semaglutide was the lowest for
the GLP-1RAs (see supplementary materi-
als, Supplementary Figure 2A).

With regard to the primary outcome of
lowering circulating AST levels, the direct
meta-analysis demonstrated that when com-
pared with placebo, saroglitazar were asso-
ciated with a decrease in AST levels (95%
CI: �1.46, �0.55) (Figure 3a). Several of
the GLP-1RAs, including semaglutide, lira-
glutide and dulaglutide, did not show signif-
icant improvements in AST levels in patients
with NAFLD compared with placebo. The
effect of metformin on improving AST levels
in NAFLD patients was not obvious. No
significant differences in reducing circulating
AST levels were observed between the other
interventions.

With regard to the primary outcome of
lowering circulating AST levels, the indirect
meta-analysis demonstrated the network
comparisons of available treatments in
assessing the effects of affecting circulating
AST levels (Figure 3b). Saroglitazar was
significantly superior to placebo in improving
circulating AST levels (P< 0.05), which was
consistent with the direct comparison. In
addition, saroglitazar significantly improved
AST levels compared with metformin or
GLP-1RAs in the indirect comparison
(P< 0.05). The SUCRA score showed that
saroglitazar had the highest overall improve-
ment in AST levels of these agents, followed
by dulaglutide (see supplementary materials,
Supplementary Figure 2B).

With regard to the secondary outcome of
lowering circulating TG levels, the direct
meta-analysis demonstrated that saroglitazar
(95% CI: �1.27, �0.35) was associated with
a reduction in TG levels in NAFLD patients
compared with placebo (Figure 4a).
Compared with placebo, liraglutide and dula-
glutide could also improve the circulating
levels of TG. Semaglutide did not reduce
TG levels when compared with placebo.
Liraglutide did not significantly improve
TG levels when compared with metformin.
In a controlled comparison with placebo,
metformin was not superior to placebo in
reducing TG levels.

With regard to the secondary outcome of
lowering circulating TG levels, the indirect
meta-analysis demonstrated the network com-
parisons of available interventions evaluating
the improvement of TG level (Figure 4b). In
indirect comparisons, saroglitazar and liraglu-
tide were consistent with the direct compar-
isons in improving TG levels compared
with placebo. Semaglutide and dulaglutide
did not significantly reduce TG levels
compared with placebo (Figure 4c).
Saroglitazar and liraglutide ranked first
and second in terms of improving TG
based on the SUCRA ranking system (see
supplementary materials, Supplementary
Figure 2C). The intervention of liraglutide
was significantly better than metformin in
lowering TG levels in the indirect compari-
son, which was inconsistent with the result
of the direct comparison.

Discussion

This current network meta-analysis com-
prehensively evaluated the relative efficacy
of different drugs, including GLP-1RAs,
saroglitazar and metformin, in improving
the development of NAFLD. The results
indicated that the effects of saroglitazar
on decreasing circulating ALT and AST
levels were better than that of GLP-1RAs.
However, there was no significant
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Figure 3. Direct meta-analysis (a), network graphs (b) and network meta-analysis (c) for the primary
outcome of aspartate aminotransferase. In the reticulation diagram (b), the size of the dots represents the
number of patients with relevant interventions and the thickness of the wires represents the number of
included studies.
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Figure 4. Direct meta-analysis (a), network graphs (b) and network meta-analysis (c) for the secondary
outcome of triglycerides. In the reticulation diagram (b), the size of the dots represents the number of
patients with relevant interventions and the thickness of the wires represents the number of included
studies.
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difference between saroglitazar and GLP-

1RAs in improving TG levels. Metformin

could also decrease circulating AST levels,

but the effect was not as obvious as that of

saroglizatar. Meanwhile, saroglitazar was

more effective than GLP-1RAs and metfor-

min in improving serum ALT and TG in

NAFLD patients.
At present, there is increasing evidence

that PPAR agonists and glucose-lowering

drugs such as metformin and GLP-1RAs

have potential value in the treatment of

NAFLD.40 However, there are few direct

comparative studies on the effects of these

drugs on NAFLD. Although the efficacy

between PPAR agonists and GLP-1RAs

has been discussed previously, the authors

only analysed the mechanisms of these

drugs.36 A meta-analysis of the relevant

clinical data was not performed.41 The

main purpose of this current network

meta-analysis was to directly compare the

effects of these drugs on the progression of

NAFLD, especially with regard to liver

enzymes and TG levels.
The development of NAFLD is a

dynamic process, ranging from steatosis to

fibrosis.42 During this process, the levels of

liver enzymes such as ALT and AST are

closely associated with the severity of

NAFLD.43 If there are large amounts of

enzyme in the cytoplasm of hepatocytes,

ALT and AST can usually be detected in

the serum of healthy people at a relatively

low level. Once hepatocyte injury and apo-

ptosis occur, the serum ALT and AST

levels significantly increase.44 Therefore,

alterations of the ALT and AST levels are

considered to be important indicators of

NAFLD improvement. Serum ALT is inde-

pendently correlated with liver TG content,

therefore it is more suitable as a predictor

of NAFLD than AST.45 In Asian NAFLD

patients, ALT levels are closely related to

intrahepatic TG accumulation, steatosis,

inflammation and fibrosis.46

During the progression of NAFLD, in
addition to the hepatic inflammatory
response, there is also lipid accumulation
in the liver.42 Increased de novo lipogenesis
leads to the accumulation of TG in the
liver, accompanied by the production and
secretion of TG-rich very low density lipo-
protein particles.7 Alterations in serum TG
levels were analysed as a secondary out-
come in the current network meta-analysis.

It has been reported that PPAR agonists
have an important role in regulating several
biological processes associated with
NAFLD.47 PPARa/c ameliorates liver
inflammation by reducing inflammatory
cytokines and chemokines.48 PPARa is
mainly expressed in the liver and can pro-
mote the processes of fatty acid oxidation,
ketogenesis, lipid transport and gluconeo-
genesis.7 PPARc is predominantly present
in the liver and adipose tissue, and its acti-
vation increases insulin sensitivity.49 Both
oxidative stress and inflammation are
involved in the process of NAFLD.50

Saroglizatar is a novel PPAR agonist with
predominantly PPARa and moderate
PPARc agonist activity.47 The current
results demonstrated that saroglizatar was
the most effective drug in improving ALT
and AST levels in NAFLD patients. In
addition, saroglizatar was also superior to
other drugs in decreasing TG levels.

Glucagon-like peptide-1, secreted by the
gastrointestinal tract, has drawn consider-
able attention due to its glucose-lowering
effects. For example, GLP-1 can regulate
insulin secretion through GLP-1R in pan-
creatic b cells;51 and it can also reduce
blood glucose by inhibiting the secretion
of glucagon in islet a cells.52 GLP-1 can
also reduce food intake by enhancing sati-
ety through central mechanisms in the
hypothalamus and brainstem.53 In addi-
tion, the effects of GLP-1RA on improving
hepatic lipotoxicity have been demonstrat-
ed in animal and human studies.54,55

However, based on this current network
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meta-analysis, the effect of GLP-1RAs in
improving ALT and AST levels was not

as obvious as that of saroglizatar.
Liraglutide and dulaglutide were also effec-

tive in improving TG levels.
Metformin, a classic anti-diabetic drug,

has an anti-inflammatory effect in the

liver.56,57 In NAFLD patients, metformin
increases hepatic b-oxidation and reduces

gluconeogenesis.58 In addition, metformin
can also reduce caloric intake by inhibiting

appetite, thereby reducing body weight and
total body fat and visceral fat content.59 In

this current network meta-analysis, metfor-
min could reduce serum ALT levels in

NAFLD patients, although its effect is not
superior to that of saroglizatar.

The current network meta-analysis had

several limitations. First, the gold standard
for NAFLD testing is liver biopsy,60 which

is difficult to achieve in clinical studies. The
current analysis was based on the evalua-

tion of the liver histology from a biochem-
ical perspective. Secondly, due to the

relatively small number of publications,
the results of indirect and direct compari-

sons were not completely consistent. The
inhibitory effects of GLP-1RAs, sarogliza-

tar and metformin on ALT, AST and TG
levels in the indirect comparison were sup-

ported by low-quality evidence. Therefore,

larger randomized trials are needed to fur-
ther verify these results.

In conclusion, GLP-1RAs and other
drugs such as metformin and saroglizatar

have some effects on improving the process
of NAFLD. However, this network meta-

analysis suggests that saroglizatar is the
best one among these drugs in preventing

the development of NAFLD. This network
meta-analysis provides a focus for the

future direction of the treatment of

NAFLD and lays a foundation for subse-
quent drug research and development.
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