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A B S T R A C T

Type 2 diabetes (T2DM) and liver disease, mainly metabolic-associated fatty liver disease (MAFLD), previ-
ously named non-alcoholic fatty liver disease (NAFLD), coexist in many patients. While physicians were
reluctant to use glucose-lowering agents other than insulin in patients with T2DM and liver disease for many
decades, the scene changed in recent years. While metformin gave controversial results in patients with
MAFLD, pioglitazone was the first to demonstrate unequivocal positive effects, but its use in clinical practice
is limited by safety concerns. New glucose-lowering agents, both glucagon-like peptide-1 receptor agonists
and sodium-glucose cotransporter 2 inhibitors, raised new hope. Indeed, besides a good safety profile, these
agents, which are associated with weight loss, pleitotropic effects and cardiorenal protection, have also
proven their efficacy in improving MAFLD. The positive effects on liver fat content, hepatic enzymes used as
markers of steatosis and indices of tissue inflammation are now well demonstrated, yet available data on
fibrosis are more limited. Thus, more dedicated studies, using liver biopsies, are still warranted to demon-
strate the efficacy of these two pharmacological classes in preventing the progression from simple steatosis
to fibrosis/cirrhosis and further confirm this new opportunity for the management of patients with T2DM
and MAFLD.
© 2023 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Keywords:

Fatty liver
GLP-1 receptor agonist
SGLT2 inhibitor
NAFLD
Type 2 diabetes
Masson SAS. This is an open access article under the CC BY-NC-ND license
Introduction

Liver steatosis is a comorbidity frequently encountered in pres-
ence of obesity and/or T2DM [1,2]. This metabolic anomaly, initially
called NAFLD (« Non-Alcoholic Fatty Liver Disease »), was recently
renamed MAFLD (« Metabolic-Associated Fatty Liver Disease »). It
comprises a large spectrum that englobes steatosis, steatohepatitis
(NASH), fibrosis and cirrhosis, lesions that may progress to hepatocel-
lular carcinoma [3].

The high prevalence of MAFLD in T2DM patients underscores the
need for its early assessment to avoid the progression to NASH and
possibly fibrosis/cirrhosis, lesions that are associated with increased
morbidity and mortality [4]. It also emphasizes the importance of
strengthening the management of MAFLD/NASH in T2DM patients. In
this context, it appears crucial to analyze the effects of currently
available anti-diabetic agents on MAFLD/NASH in patients with
T2DM [5,6].

The present comprehensive review briefly discusses the epidemi-
ology of MAFLD in patients with T2DM and gives a more extensive
update on the effects on MAFLD of old and new glucose-lowering
agents in patients with T2DM (Fig. 1).

Epidemiology of MAFLD in patients with type 2 diabetes

In a first meta-analysis of twenty-four studies involving 35,599
T2DM patients of whom 20,264 were identified with MAFLD, the
reported prevalence of MAFLD ranged from 29.6% to 87.1%, with a
pooled prevalence of 59.67% (95% confidence interval [CI]: 54.31
−64.92%). Of note, a high degree of heterogeneity was observed
among the eligible studies [7]. These findings were confirmed and
extended in a second meta-analysis of 80 studies from 20 countries,
among 49,419 individuals with T2DM. The global prevalence of
MAFLD was 55.5% (95% CI 47.3−63.7). In addition, the global preva-
lence of NASH was 37.3% (95% CI 24.7−50.0%) in 10 studies and the
prevalence of advanced fibrosis was estimated to be 17.0% (95% CI 7.2
−34.8) in 7 studies [8]. Notably, MAFLD is also commonly observed in
patients with type 1 diabetes, yet less frequently than in patients
with T2DM : in a meta-analysis of 20 studies, pooled MAFLD preva-
lence was 22.0% (95% CI, 13.9%�31.2%) in adult patients with type 1
diabetes [9]. Furthermore, epidemiological studies have consistently
demonstrated that the coexistence of MAFLD and T2DM is strongly
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Fig. 1. Effects of antidiabetic medications on MAFLD/NAFLD.
DPP-4is : dipeptidyl peptidase-4 inhibitors. GLP-1RAs : glucagon-like peptide-1

receptor agonists. MAFLD : metabolic-associated fatty liver disease. NAFLD : non-alco-
holic fatty liver disease. SGLT2is : sodium-glucose cotransporter 2 inhibitors. SUs :
sulphonylureas.
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associated with increased mortality and morbidity related to hepatic-
and extrahepatic causes [5].

In a nationwide population-based follow-up study (NASHCO) car-
ried out in France, T2DM increased the risk of MAFLD by 6.05 (95% CI
5.68−6.45) and the risk of advanced fibrosis by 3.76-fold (95% CI 2.87
−4.91) in subjects with MAFLD [10]. After controlling for confound-
ers, the presence of MAFLD was associated with a significantly
increased (by 2 to 3 fold) risk of severe liver-related events, cardio-
vascular disease and overall mortality. Importantly, the risk of
hepatic and extrahepatic complications in diabetic subjects with
MAFLD significantly increased with the severity of fibrosis [10]. A US
model predicted significant clinical and economic burden due to
NASH with T2DM over the next 20 years, which most likely should
be reduced through interventions capable of reducing morbidity and
mortality in T2DM patients with NASH [11].

Classical glucose-lowering agents and MAFLD

The effects of commonly used anti-hyperglycaemic agents, met-
formin, sulphonylureas and insulin, on MAFLD were shown rather
disappointing, the only exception being thiazolidinediones (TZDs,
especially pioglitazone). No specific publications were found regard-
ing the effects of meglitinides (glinides) and alpha-glucosidase inhibi-
tors on MAFLD in dedicated clinical studies. In a recent network
meta-analysis, new glucose-lowering agents, both glucagon-like
pepide-1 receptor agonists (GLP-1RAs) and sodium-glucose cotrans-
porter 2 inhibitors (SGLT2is), were superior to other diabetes medica-
tions or placebo in reducing liver fat fraction and biomarkers of
MAFLD [12].

Metformin

Although evidence exists regarding the benefits of metformin for
MAFLD in preclinical studies, reports on the efficacy of metformin in
adult patients with T2DM and MAFLD have shown some discrepan-
cies regarding changes in liver biochemistry and hepatic fat content
[13]. Overall, available literature does not support any independent
favourable effect of metformin on MAFLD in patients with T2DM
[14]. In a meta-analysis of nine studies published in 2013, metfor-
min-treated participants showed improvements in liver enzymes
(AST : aspartate aminotransferase; ALT : alanine aminotransferase)
but not in histological response (steatosis, inflammation,
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hepatocellular ballooning and fibrosis) [15]. Whether metformin may
be related to MAFLD improvement remains controversial in a recent
meta-analysis and network pharmacology [16]. However, in a meta-
analysis of 19 studies involving 550,882 diabetic subjects, metformin
use was associated with a reduction in the ratio of liver cancer by
48% (OR = 0.52; 95% CI, 0.40−0.68) compared with nonusers [17]. Of
note, the protective effect of metformin against hepatocellular carci-
noma was only reported in NASH-related cirrhosis [18].

Sulphonylureas

The effects of sulphonylureas on MAFLD were poorly reported in
the literature. A few studies were unable to demonstrate a significant
reduction with sulphonylureas in intrahepatic fat content and liver
enzymes [19,20]. A study using multivariate analysis revealed that
besides aging and obesity, sulphonylurea usage increased the risk of
liver fibrosis in T2DM patients with MAFLD [21].

Insulin

Insulin therapy in T2DM only slightly but significantly reduces
liver fat content, while it improves hepatic insulin sensitivity [22].
The effect of insulin has not been extensively studied in MAFLD and
there are no studies examining its effect on liver histology [2]. How-
ever, insulin-based treatment does not appear to promote or worsen
NAFLD [23]. In a large cohort of outpatients in Germany, insulin ther-
apy was significantly associated with lower incidence of MAFLD (HR:
0.72, 95% CI 0.62−0.8), yet to a lower extend than it was with GLP-
1RAs and SGLT2is; of note, the precise criteria for the diagnosis of
MAFLD were not defined in this report [24].

Thiazolidinediones (pioglitazone)

In a meta-analysis of five RCTs with pioglitazone or rosiglitazone,
lobular inflammation decreased in NASH patients who received TZD
treatment, without significant improvement in hepatic fibrosis [25].
However, in another meta-analysis of 8 randomized controlled trials
(RCTs, 5 evaluating pioglitazone use and 3 evaluating rosiglitazone
maleate use) enrolling 516 patients with biopsy-proven NASH for a
duration of 6 to 24 months, TZD therapy was associated with signifi-
cant improvements of advanced fibrosis, fibrosis of any stage, and
NASH resolution. Of note, all effects were accounted for by pioglita-
zone use and not by rosiglitazone use [26]. In a meta-analysis of four
studies, pioglitazone compared with placebo significantly improved
steatosis grade, inflammation severity and ballooning grade, together
with an improvement of liver biological markers, again without sig-
nificant effects on fibrosis [27]. A recent meta-analysis of seven RCTs
confirmed that pioglitazone could alleviate MAFLD, by improving
both histopathology and liver enzymes [28]. As a consequence, pio-
glitazone is recommended by several guidelines for the management
of MAFLD because of its positive effects on both liver steatosis and
NASH inflammatory activity [29,30].

Novel glucose-lowering agents and MAFLD

Dipeptidyl peptidase-4 inhibitors and MAFLD

Inconclusive results were reported with dipeptidyl peptidase-4
inhibitors (DPP-4is or gliptins) despite in vivo and in vitro evidence
suggesting their potential in fatty liver disease. There have been only
a few clinical trials demonstrating the efficacy of these agents in
patients with MAFLD, yet a greater reduction in liver enzymes was
reported [12] but without available histological findings in liver biop-
sies [31]. In an observational German cohort retrospective study,
DPP-4is had no influence on the incidence of MAFLD in patients with
T2DM, a finding that contrasted with the reduction reported with
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GLP-1RAs, SGLT2is and even insulin therapy [24]. Overall, DPP-4is are
not recommended for the treatment of MAFLD [32]. In contrast, both
GLP-1RAs and SGLT2is were reported to exert favourable effects on
MAFLD in patients with T2DM in numerous clinical studies, an obser-
vation that deserves a more detailed analysis [33].

GLP-1 RAs and MAFLD

Table 1 (upper part) summarizes the results of three meta-analy-
ses of trials that investigated the effects of GLP-1RAs on MAFLD.
A meta-analysis of five RCTs and three cohort studies found signifi-
cant improvements following GLP-1RA therapy in hepatic fat content,
liver biochemistry, and inflammatory markers, in addition to body
composition, insulin sensitivity, glucose control and lipid parameters.
Hepatic fat content was significantly decreased with GLP-1RAs com-
pared to metformin and insulin-based therapies, yet the improve-
ment of fibrosis markers did not reach statistical significance [34].
According to another meta-analysis of eleven RCTs, compared to pla-
cebo or reference therapies, treatment with GLP-1RAs (mostly lira-
glutide and semaglutide) was associated with significant reductions
in the absolute percentage of liver fat content evaluated with mag-
netic resonance-based techniques and serum liver enzyme levels, as
well as with greater histological resolution of NASH without worsen-
ing of liver fibrosis [35]. In a third meta-analysis of 8 RCTs, the admin-
istration of GLP-1RAs significantly decreased visceral adipose tissue
and the content of intrahepatic fat, changes that were associated
with significant reductions in levels of liver enzymes (alanine amino-
transferase or ALT and aspartate aminotransferase or AST) in patients
with T2DM and MAFLD [36].

A meta-analysis of four RCTs provides positive findings on efficacy
of semaglutide weekly subcutaneous injections in improving some
liver biological markers and imaging features of interest in MAFLD.
However, current conclusions are still limited by the rather small
number of patients evaluated. Therefore, an urgent need remains for
larger studies with a special focus on histological data derived from
liver biopsies to investigate the effect of semaglutide on the progres-
sion from steatosis to fibrosis [37]. Reported data with the other
once-weekly dulaglutide were less numerous and if anything
appeared less impressive on liver enzymes despite a significant
reduction in liver fat content in the D-LIFT trial [38]. Recently, the
benefit of GLP-1RAs (mainly liraglutide and semaglutide), in NAFLD,
suggested from earlier trials, has been confirmed in adults with
biopsy-proven NASH, a finding that opens a new paradigm in the use
of GLP-1RAs with patients with T2DM and MAFLD and NASH [39].

Dual GIP/GLP-1 receptor agonists and MAFLD

Besides GLP-1, glucose-dependent insulinotropic polypeptide
(GIP) is another intestinal incretin hormone. Dual GIP/GLP-1 receptor
agonists may represent a new advance for treating T2DM [40]. Tirze-
patide, a biased unimolecular GIP-GLP-1 dual agonist, showed potent
reductions in glycated hemoglobin and body weight compared to
Table 1
. Comparative results of three meta-analyses devoted to GLP-1RAs and three meta-analyses d

References Studies/patients n/N Reduction in hepatic fat content (%)

GLP-1RAs
Wong et al. 2021 [34] 8/1454 �1.05 (�1.62 to �0.48)
Mantovani et al. 2021 [35] 11/935 �3.92 (�6.27 to − 1.56)
Zhu et al. 2021 [36] 8/468 �3.01 (�4.75 to �1.28)
SGLT2is
Wei et al. 2021 [49] 10/573 �2.20 (�3.67 to �0.74)
Mantovani et al. 2020 [50] 12/850 �2.05 (�2.61 to �1.48)
Coelho et al. 2021 [51] 20/1950 �3.39 (�6.01 to �0.77)

AST : aspartate aminotransferase. ALT : alanine aminotransferase. gGT : gamma glutamyl tra
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placebo and several active comparators, including semaglutide [41],
in the SURPASS phase 3 program [40]. Preliminary results on biologi-
cal markers of MAFLD with tirzepatide were promising [42,43].
In a subanalysis of SURPASS-3, in patients with T2DM that were stud-
ied with a NMR imaging technique, tirzepatide was associated with a
significantly more pronounced reduction in visceral adipose tissue
and liver fat content when compared with basal insulin degludec
[44]. The marked improvement of glucose control and the greater
weight reduction, both superior to the corresponding changes seen
with pure GLP-1RAs [40,41], should contribute to a better prognosis
of patients with MAFLD treated with tirzepatide [45]. Specific studies
are planned to demonstrate the positive effect of the dual GIP/GLP-1
receptor agonist in patients with liver disease [46] : “a study of tirze-
patide (LY3298176) in participants with nonalcoholic steatohepatitis
(NASH) (SYNERGY-NASH)” : ClinicalTrials.gov Identifier: NCT04166773).
The hope is that incretin-receptor agonist treatments (dual agonists but
also triple agonists in development) could be important not only for
decreasing the risk of developing MAFLD, but also for treating MAFLD
and MAFLD-related complications, including NASH and the progression
to fibrosis and cirrhosis [47,48].

SGLT2 inhibitors and MAFLD

Table 1 (lower part) summarizes the results of three meta-analy-
ses of trials that investigated the effects of SGLT2is on MAFLD. They
analyzed the results of, respectively, ten RCTs [49], twelve RCTs [50]
and twenty RCTs [51], SGLT2is improved body composition, an effect
associated with a reduction of hepatic fat (measured by magnetic res-
onance-based techniques) and liver enzymes used as biological
markers of steatosis. An umbrella review of two systematic reviews
indicated that SGLT2is could reduce liver steatosis, as supported by
biopsy-proven evidence of improvement from a small clinical trial,
but no evidence of liver fibrosis improvement was found [52].

Numerous recent studies compared the effects on MAFLD of
SGLT2is with those of other glucose-lowering agents in patients with
T2DM as discussed in the next section.

Comparison between different anti-diabetic approaches in MAFLD

Comparison of new medications versus old glucose-lowering agents

In patients with T2DM and MAFLD, no significant change in liver-
to-spleen ratio assessed on abdominal computed tomography was
recorded with the sulphonylurea glimepiride, whereas significant
reductions were noticed with dapagliflozin (and also pioglitazone)
[53]. In a small-size RCT, another sulphonylurea, gliclazide, resulted
in less improvement in liver function and reduction in intrahepatic
fat content in T2DM patients with MAFLD when compared with lira-
glutide or metformin [20].

In a recent RCT, empagliflozin compared with sitagliptin signifi-
cantly reduced intrahepatic lipid content measured using proton
magnetic resonance spectroscopy in patients with T2DM and MAFLD
evoted to SGLT2is of studies among patients with MAFLD/NAFLD.

AST IU/L ALT IU/L gGT IU/L

�1.46 �2.22 to �0.79) �1.69 (�2.32 to �1.07) �2.10 (�3.16 to − 1.04)
�7.21 (�13.35 to − 1.07) �2.92 (�8.15 to + 2.31) �10.97 (�17.82 to �4.12)
�2.40 (�4.55 to �0.25) �3.82 (�7.04 to �0.60) NA

�2.56 (�3.83 to �1.29) �5.36 (�8.86 to �1.85) NA
�1.87 (�5.88 to 2.14) �10.00 (�12.2 to − 7.79) �14.49 (�19.35 to �9.63)
�2.83 (�4.71 to �0.95) �7.43 (�12.14 to �2.71) �8.21 (�9.52 to �6.91)

nsferase. NA : not available.
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assessed by liver biopsy at baseline [54]. Two SGLT2is commercial-
ized in Japan were tested in head-to-head RCTs, tofogliflozin versus
glimepiride [19] and luseogliflozin versus metformin [55]. Both
SGLT2is were associated with superior beneficial effects on MAFLD
compared with old classical glucose-lowering agents.

In a Korean nationwide propensity-score matched cohort study
that compared 25,371 patients in each group who received either a
DPP-4i or a SGLT2i for an average of about 300 days, SGLT2i therapy
showed greater and more significant decrements in all components
of fatty liver index when compared to DPP-4i therapy [56]. In a large
cohort of outpatients in Germany, prescriptions of SGLT2is and GLP-
1RAs were significantly associated with lower incidence of MAFLD,
with an effect apparently more marked than that recorded with insu-
lin [24]. In this study, no influence on the incidence of MAFLD could
be detected in patients with T2DM treated with DPP-4is. Finally, in a
study that assembled two new-user, active comparator cohorts of
patients with T2DM using the U.K. Clinical Practice Research Datalink,
SGLT2is and possibly GLP-1RAs may be associated with a decreased
incidence of MAFLD and hepatic transaminase elevation when com-
pared to patients treated with a DPP-4i [57].

Comparison of new medications versus pioglitazone as a reference

Because pioglitazone demonstrated positive effects on MAFLD and
NASH [25-27] and is recommended in some international guidelines
[30], it is of major interest to compare the effects of GLP-1RAs and
SGLT2is with this reference drug.

A systematic review published in 2020 included 29 RCTs involving
a total of 2617 individuals (approximately 45% had T2DM) that have
used metformin (n = 6), TZDs (n = 8), GLP-1RAs (n = 6), DPP-4is (n = 4)
or SGLT2is (n = 7) to treat MAFLD. Although most anti-hyperglycae-
mic drugs improved serum liver enzyme levels, only TZDs (especially
pioglitazone) and liraglutide showed an improvement of histologic
features of MAFLD, with a mild beneficial effect also on liver fibrosis
for pioglitazone only [58]. Recently, the same group published
another systematic review of a total of 25 active-controlled or pla-
cebo-controlled trials with PPAR (peroxisome proliferator-activated
receptor) agonists, including TZDs (n = 8), GLP-1RAs (n = 10) and
SGLT2is (n = 7). Pioglitazone and GLP-1-RAs (mostly liraglutide and
semaglutide) improved individual histological features of NASH (ie,
steatosis, ballooning, lobular inflammation) or achieved resolution of
NASH without worsening of fibrosis. SGLT2is (mostly empagliflozin
and dapagliflozin) reduced liver fat content, as assessed by magnetic
resonance-based techniques [59].

In a network meta-analysis of RCTs, GLP-1RAs appear to be as
effective as pioglitazone and vitamin E for improvement of liver his-
tology [steatosis, ballooning necrosis, lobular inflammation, fibrosis)
among patients with MAFLD [60]. In another recent meta-analysis of
five RCTs in patients with MAFLD, the improvement in liver enzymes,
steatosis and fibrosis caused by SGLT2is and TZDs was similar [61]. In
another network meta-analysis, both PPARgamma agonists and
SGLT2is showed a significant reduction in steatosis compared with
standard of care; the reduction in steatosis was slightly greater with
PPARgamma agonists, but SGLT2is resulted in a statistically signifi-
cant reduction in fibrosis [62]. In a head-to-head RCT, dapagliflozin
and pioglitazone exerted equivalent beneficial effects on MAFLD
assessed by the change of the liver-to-spleen ratio on abdominal
computed tomography [53]. In an open-label, randomized, active-
controlled trial in Japan, the SGLT2i ipragliflozin exerted equally ben-
eficial effects on liver fat content and hepatic enzymes (AST and ALT)
compared with the reference drug pioglitazone [63]. Another net-
work meta-analysis provided evidence for the efficacy of pioglita-
zone, SGLT2is and GLP-1RAs (as well as vitamin E) in treating
patients with MAFLD. However, it is necessary to include more head-
to-head RCTs to help both patients and clinicians in choosing the best
drug and optimizing mutual decisions to tackle MAFLD and NASH in
4

people with T2DM [64]. Because TZDs are exposed to potential
adverse events (especially heart failure), SGLT2is and GLP-1RAs [48]
appear to offer promising beneficial effects in patients with MAFLD,
with the advantage of providing significant weight loss and cardiore-
nal protection [33,65].

Comparison between GLP-1RAs and SGLT2is

In recent years, numerous positive results on MAFLD were
reported with GLP-1RAs [48,66] and SGLT2is [67,68], two antidiabetic
agents that also showed cardiorenal protection in patients with
T2DM at higher cardiovascular/renal risk [69,70].

Indirect comparison of the meta-analyses reporting the results of
either GLP-1RAs or SGLT2is on MAFLD indices summarized in Table 1
suggests quite comparable efficacy between the two pharmacological
classes.

In a systematic review, besides a significant reduction in biological
markers of steatosis, there was a statistically significant and almost
similar reduction in FIB-4 index, a validated marker of fibrosis, with
both SGLT2is and GLP-1RAs [71]. A recent GRADE-assessed system-
atic review and network meta-analysis of RCTs compared the relative
efficacy of five SGLT2is and four GLP-1RAs for MAFLD therapy. Indi-
rect comparisons suggested that semaglutide has a therapeutic
advantage over the other compounds (presumably in relation with a
greater weight reduction), yet head-to-head studies are needed to
provide more confidence in clinical decision-making [72].

Discussion

Whereas physicians were for a long time reluctant to prescribe
oral antidiabetic agents in patients with liver disease, with a prefer-
ential use of insulin, the scene is recently changing following studies
that demonstrated a safe use [73] as well as favourable results on
MAFLD with newer glucose-lowering agents [2,33,74-76]. Both GLP-
1RAs and SGLT2is raised much interest in recent years after the dem-
onstration of their cardiorenal protection [69]. The results summa-
rized in this review suggested that a positive effect on liver disease,
especially MAFLD, may also be expected [67]. Regarding SGLT2is, the
underlying mechanisms supporting a cardiorenal protection are mul-
tiple, combining metabolic, haemodynamic and biochemical effects
[77]. Similarly, SGLT2is may be capable of protecting people with
MAFLD from severe complications by inhibiting de novo lipogenesis,
oxidative responses, inflammation induction, and ultimately hepato-
cyte death, yet further dedicated clinical trials remain to be carried
out to confirm such evidence [68]. Regarding GLP-1RAs, several indi-
rect effects may also contribute to a positive effect on MAFLD : weight
loss, improved glucose control, increased insulin sensitivity and
reduction in lipotoxicity are generally proposed as the main mecha-
nisms. Yet, the question of a possible direct effect of GLP-1RAs on the
improvement of liver fat content is an important one, even if the
expression of GLP-1 receptors in hepatocytes is still controversial
[66,78]. Several mechanisms have been hypothesized to explain how
GLP-1 RAs could reduce hepatocyte storage of triglycerides, regard-
less of body weight loss. In fact, GLP-1 RAs have been shown to
improve hepatic glucose metabolism and promote a reduction in
lipogenesis and an increase in fatty acid oxidation [66] Furthermore,
GLP-1RAs could reduce oxidative stress and inflammation, which
may be associated with resolution of NASH and improvement of liver
fibrosis [66,78]. However, the potential of GLP-1RAs in NASH has not
been fully explored and long-term trials that aim to evaluate the effi-
cacy of GLP-1RAs in reducing liver fibrosis are not currently available
[66]. Because SGLT2is and GLP-1RAs may exert their protection in
MAFLD by at least partially different mechanisms, a combination of
both pharmacological classes might be of great value for patients
with MAFLD/NASH and comorbidities, yet this promise requires vali-
dation in dedicated studies using liver biopsies [79].
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It is interesting to note that glucose-lowering agents that are asso-
ciated with a positive impact on MAFLD are also associated with a
significant weight reduction, especially GLP-1RAs [80] and SGLT2is
[81]. In contrast, anti-hyperglycaemic medications that are weight-
neutral (DPP-4is) or favor weight gain (sulphonylureas, insulin) do
not exert positive effects on MAFLD. Metformin only induces modest
weight reduction and its effect on MAFLD appears limited [14−16].
Among GLP-1RAs, semaglutide that exerts the most impressive
weight loss seems also to be the most potent one regarding the
improvement of MAFLD [72]. In this respect, further studies regard-
ing the impact of the dual GIP-GLP-1 receptor agonist tirzepatide,
which is even more potent than semaglutide regarding weight loss in
patients with T2DM [41], or of triple coagonists in current develop-
ment would be of major interest [47]. The only exception concerns
pioglitazone, which positively influences MAFLD while inducing
weight gain (also partially due to fluid retention) [28]. However, the
use of the TZD pioglitazone is associated with body fat redistribution,
with increased subcutaneous adipose tissue but decreased visceral
adipose tissue (including liver fat content) [82]. Thus, weight loss and
reduction of visceral adipose tissue certainly play a determinant role
in the prognosis of MAFLD. This contribution is highlighted by the
remarkable improvement of MAFLD reported in obese patients (with
or without T2DM) after drastic weight loss following bariatric surgery
[83].
Conclusion

MAFLD, which is highly prevalent in patients with abdominal obe-
sity and T2DM, raised huge interest in recent years as it exposes
affected individuals to increased morbidity and mortality. A paradigm
change is developing between the endocrinologist’s which leads to a
greater awareness about their critical role to curve the epidemic of
MAFLD. Indeed, new clinical care approaches are now available for
the management of these complex patients. While only pioglitazone
had demonstrated significant improvement in the past, numerous
recent reports demonstrated a positive impact of novel antidiabetic
medications, both GLP-1RAs and SGLT2is. These pharmacological
classes have already shown cardiovascular and renal protection in at
risk patients with T2DM, and they now also offer promising effects in
patients with MAFLD. However, further mechanistic and clinical
studies are still warranted to better understand and validate the use
of these agents in patients with MAFLD. More specifically, they have
to prove that they are able to protect patients with MAFLD and NASH
against the progression to fibrosis/cirrhosis and hepatocellular carci-
noma, thus ultimately to improve overall prognosis.
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