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Abstract

Metabolic dysfunction-associated steatohepatitis (MASH) represents a progressive form of metabolic
dysfunction-associated steatotic liver disease (MASLD) and contributes significantly to morbidity and mor-
tality in developed countries. Current clinical practice primarily relies on dietary and lifestyle modifications,
while specialized obesity management is used less frequently. However, the long-term efficacy of these
approaches remains unsatisfactory. Among pharmacological options, gliflozins have emerged as a promis-
ing class of agents with potential benefits in reducing histological activity and improving the prognosis
of MASLD/MASH. The beneficial effects of gliflozins in diabetes, cardiology, and nephrology have already
been demonstrated, and their use is becoming increasingly common across various clinical indications.
However, their role in the treatment of MASLD/MASH has not yet been fully clarified. Preliminary studies
suggest that gliflozins may positively influence disease progression in these conditions. This article provides
a comprehensive overview of MASLD/MASH and reviews current evidence regarding the therapeutic effects
of gliflozins on these liver diseases.

Key words: non-alcoholic fatty liver disease (NAFLD), metabolic dysfunction-associated steatohepatitis
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Highlights

be established.

histological verification is still required.

» With the rising use of sodium-glucose cotransporter-2 inhibitors (SGLT2i), their effects on metabolic dysfunction-
associated steatotic liver disease (MASLD) and metabolic dysfunction-associated steatohepatitis (MASH) should

+ Available data suggest a potential beneficial effect of SGLT2i in improving the course of MASLD/MASH.
+ Indirect assessment methods suggest a possible effect of SGLT2i on fibrosis, steatosis, and oxidative stress; however,

Introduction

Metabolic dysfunction-associated steatotic liver disease
(MASLD) is currently the most common liver disease world-
wide. Available estimates suggest that up to 1/3 of the global
population may be affected by this condition. Metabolic
dysfunction-associated steatotic liver disease is considered
the hepatic component of metabolic syndrome and contrib-
utes significantly to morbidity and mortality in developed
countries.! The diagnostic criteria include hepatic steatosis
detected through imaging and/or histology, together with
the presence of at least 1 of 5 cardiometabolic risk factors
(Table 1).2 The change in nomenclature and introduction
of the term MASLD are intended to place greater emphasis
on metabolic dysregulation, such as type 2 diabetes mellitus
(T2DM) or obesity, compared with the former term non-alco-
holic fatty liver disease (NAFLD). At the same time, the new
nomenclature acknowledges the synergistic effect of alcohol
consumption. This change in terminology reflects key find-
ings regarding hepatic and extrahepatic mortality risk, disease
associations, and the identification of high-risk individuals.?

Recent studies suggest that excess body weight and meta-
bolic dysfunction independently affect the development
of MASLD and cardiometabolic outcomes. In clinical prac-
tice, MASLD is commonly associated with overweight/
obesity and T2DM, with more than 70% of patients with
T2DM having some form of MASLD. However, studies sug-
gest that even patients with metabolically healthy obesity,
defined as the absence of metabolic disorders and/or car-
diovascular disease (CVD), remain at high risk of develop-
ing significant hepatic fibrosis. Lean individuals are also not
protected against MASLD development, and no difference
in histological severity has been observed between patients

Table 1. Cardiometabolic risk factors?

with a body mass index (BMI) <23 kg/m? and those with
a BMI > 25 kg/m?. These findings indicate that both meta-
bolic health and metabolic dysfunction, which may vary
throughout a patient’s life, are important factors to con-
sider.3* Metabolic dysfunction-associated steatotic liver
disease is further subdivided into metabolic dysfunction-
associated steatosis (MASL) and metabolic dysfunction-
associated steatohepatitis (MASH). These subgroups differ
substantially in clinical course and prognosis. While MASL
is more commonly observed as a concomitant condition
in patients with metabolic syndrome, MASH represents
a progressive form that may eventually lead to hepatocyte
apoptosis, fibrosis, loss of functional liver tissue, and ulti-
mately liver cirrhosis with its associated complications.!

In current clinical practice, the Fibrosis-4 (FIB-4) score
(age, aspartate transaminase (AST), alanine transaminase
/ lanine aminotransferase (ALT), and platelet count) is used
to screen at-risk patients for liver fibrosis.®

Age(years) x AST level(U /L)
Platelet count(lOg/L> x \/ALT level(U/L)

FIB-} =

If the FIB-4 value is between 1.3 and 2.6, noninvasive
liver stiffness measurement (LSM) is recommended.>®
If the score exceeds 2.6, direct referral to a hepatogastro-
enterology specialist is indicated. The diagnosis of MASH
is based on histological examination of liver tissue.®”’

Objectives

With the rising use of SGLT24, their effects on MASLD/
MASH should be established. This short review provides

Cardiometabolic risk factors

antidiabetic treatment

1. BMI > 25 kg/m? or waist circumference >93 cm in men and >80 cm in women

2. Fasting serum glucose =5.6 mmol/L or post-load serum glucose =7.8 mmol/L or glycated hemoglobin =39 mmol/mol or diagnosis of T2DM or active

3. Blood pressure >130/85 mm Hg or targeted treatment for hypertension
4. Plasma triacylglycerol level >1.7 mmol/L or targeted treatment for dyslipidemia

5. Plasma HDL cholesterol <1 mmol/L in men, 1.3 mmol/L in women or treatment of dyslipidemia

BMI - body mass index; T2DM - type 2 diabetes mellitus; HDL — high-density lipoprotein.



Adv Clin Exp Med. 2026;35(6):1085-1092

an overview of the topic and attempts to link original stud-
ies and recommendations from professional societies with
recent studies and meta-analyses, without using a specific
sampling protocol. The aim of this article is to provide
a brief introduction to the issue, promote further research
in this area, and indicate where it is most needed.

Pathogenesis of MASH

The exact pathogenesis of MASH and the mechanisms
underlying its progression have not yet been fully elucidated,
and a multifactorial etiology is assumed. Increased concen-
trations of fatty acids accumulated in hepatic adipose tissue
lead to oxidative stress, mitochondrial damage, hepatocyte
injury, and, consequently, the development of insulin resis-
tance. Furthermore, insulin resistance contributes to mac-
rophage activation and the development of inflammation.
The roles of genetics, epigenetics, and the gut microbiome
remain incompletely understood. Diagnosis is addition-
ally complicated by the difficulty in accurately assessing
the quantity and frequency of alcohol consumption.

There is growing evidence that a high-fat diet, insulin
resistance, obesity, dysregulation of peripheral lipolysis,
and other metabolic risk factors contribute to increased
hepatic deposition of free fatty acids. Progressive accumula-
tion of triacylglycerols within hepatocyte cytoplasm leads
to steatosis that is not attributable to excessive alcohol con-
sumption or drug-induced liver injury. Repeated liver injury,
endoplasmic reticulum oxidative stress, reactive oxygen
species (ROS), and mitochondrial dysfunction subsequently
promote inflammation. Insulin resistance further contrib-
utes to de novo lipogenesis and adipose tissue dysfunction,
resulting in the release of inflammatory adipokines and
cytokines, including tumor necrosis factor alpha (TNF-a).2

The development of hepatic inflammation distinguishes
MASLD from MASH, as illustrated in Fig. 1, which dem-
onstrates simple steatosis on hematoxylin and eosin (H&E)
staining, in contrast to MASH shown in Fig. 2. These and
other factors disrupt hepatic homeostasis and activate im-
mune responses, leading to hepatocyte apoptosis and liver
fibrosis.? Liver cirrhosis is frequently complicated by the de-
velopment of hepatocellular carcinoma (HCC; Fig. 3).1° He-
patocellular carcinoma is the 6" most commonly diagnosed
cancer and the 3™ leading cause of cancer-related death
worldwide, with a higher incidence in men. It accounts for
75—-85% of primary liver cancers. MASH is considered one
of the major risk factors for HCC, alongside hepatitis B virus
infection, hepatitis C virus infection, and excessive alcohol
consumption (>30 g/day in men and >20 g/day in women).!!

The progression of MASLD was evaluated in a study
including 718 patients who underwent more than 2 non-
targeted liver biopsies performed at least 6 months apart.
At the initial biopsy, 497 patients (69.2%) had MASLD,
90 (12.5%) had non-fibrotic MASH, and 131 (18.2%) had
non-cirrhotic fibrosis. Over a median follow-up period
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Fig. 1. Simple steatosis. Hematoxylin and eosin (H&E) staining

- predominantly macrovesicular steatosis is seen without lobular
necroinflammatory or ballooning changes, with no evidence

of Mallory-Denk body formation

Fig. 2. Metabolic dysfunction-associated steatohepatitis (MASH).
Hematoxylin and eosin (H&E) stain — predominantly macrovesicular steatosis,
few hepatocytes show ballooning change and there is patchy lobular
lymphocytic inflammation in association with focal hepatocytic injury

of 3.4 years between biopsies, 30.4% (218/718) of patients
experienced disease progression, including 12.5% (62/497)
with incident non-fibrotic MASH, 24.0% (141/587) with
incident fibrosis, and 5.6% (40/718) with cirrhosis.!?

Epidemiology and current therapy
of MASLD

The worldwide prevalence of MASLD is reported to be
approx. 30%, while the global prevalence of MASH is esti-
mated at 5.27%.! According to the Global Burden of Disease
study, MASLD is the disease with the fastest-growing propor-
tion among chronic liver diseases, including liver cirrhosis
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Fig. 3. The natural course of metabolic dysfunction-associated steatohepatitis (MASH)'®

and HCC.? Globally, approx. 20% of NAFLD cases were
classified as NASH in 2015, and by 2030, this proportion
is projected to increase to 27% according to the Makarov
model, reflecting both disease progression and population
aging. The incidence of decompensated cirrhosis is projected
to increase by 168% to 105,430 cases by 2030, while the inci-
dence of HCC s projected to increase by 137% to 12,240 cases.
Deaths from liver disease are projected to increase by 178%
to an estimated 78,300 deaths by 2030.1* Given the increasing
morbidity and mortality associated with progressive forms
of MASLD, there is growing urgency to identify effective ther-
apies. In March 2024, the U.S. Food and Drug Administration
(FDA) approved resmetirom for the treatment of MASH/
MASLD, but this drug has not yet been approved in the EU.
In routine practice, treatment still relies on management
of individual components of metabolic syndrome, including
the use of bariatric surgery techniques. However, the long-
term effectiveness of these procedures remains unsatisfactory.

SGLT2 inhibitors (gliflozins)

SGLT2 inhibitors (sodium-glucose co-transporter 2 in-
hibitors (SGLT21i)) are a modern group of drugs originally
used as oral antidiabetic agents, either as monotherapy
for T2DM or in combination with insulin or other oral

antidiabetic agents in the treatment of this disease. Gli-
flozins block sodium-glucose co-transporter 2 (SGLT2)
in the kidney. During blood filtration in the kidney,
SGLT?2 is responsible for the reabsorption of glucose from
urine into the bloodstream. Thus, when SGLT2 activity
is blocked, urinary glucose excretion increases and blood
glucose concentration decreases. The mechanism of action
of gliflozins is independent of insulin.'®

SGLT?2, which is mainly found in the proximal tubule,
is responsible for up to 97% of renal glucose reabsorption and
approx. 5% of total renal sodium reabsorption. The direct
and indirect effects on sodium transport play an important
role in cardioprotection and renoprotection; therefore, in ad-
dition to diabetes, gliflozins have also found applications
in cardiology and nephrology, as shown in Fig. 4.1516

According to the first large completed clinical trial,
the EMPA-REG OUTCOME trial published in 2015, com-
pared with placebo, the use of SGLT2i resulted in a signifi-
cantly lower risk of cardiovascular death, reduced all-cause
mortality, and fewer hospitalizations for heart failure.!®
In large cardiovascular trials, beneficial effects on renal
function were also observed, which led to studies focusing
primarily on renoprotection. The first breakthrough study
was the CREDENCE trial, which investigated the effect
of canagliflozin on glomerular filtration rate in patients
with T2DM. In this study, canagliflozin reduced the risk
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Fig. 4. The mechanism of action of gliflozines'

of renal and cardiovascular events independently of base-
line glomerular filtration rate.!”

The beneficial effects of SGLT2i are likely multifactorial
and include alterations in arterial stiffness, cardiac function,
and cardiac oxygen consumption. In addition to cardiorenal
effects, SGLT2i reduce albuminuria and hyperuricemia and
favorably affect hyperglycemia, body weight, visceral adipos-
ity, and blood pressure.!® Other effects of SGLT2i include re-
duction of oxidative stress and reactive oxygen species (ROS)
generated by TNF-a through inhibition of sodium-hydrogen
exchange and reduction of intracellular sodium levels.!®

SGLT2 inhibitors in the treatment
of MASLD/MASH

Even in the case of MASLD, a growing number of stud-
ies have evaluated the effects of SGLT2i treatment on liver
disease. A multicenter retrospective study by Huynh et al.
compared 5-year mortality, the composite risk of hepatic
decompensation, and the incidence of HCC in patients
with diabetes and liver cirrhosis treated with either metfor-
min monotherapy or dual therapy consisting of metformin
and SGLT2i. Dual therapy was associated with reduced
mortality compared with monotherapy (p = 0.002).8:1%20
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In a recent meta-analysis evaluating the effects of SGLT2i
on liver fibrosis and MASLD, 18 studies published up to De-
cember 2023 involving a total of 1,330 patients were included
after meeting the eligibility criteria. The meta-analysis con-
cluded that SGLT2i use may lead to modest improvement
in hepatic steatosis and/or fibrosis compared with controls
in patients with MASLD and T2DM, based on imaging
and histopathological biomarkers, with low to moderate
certainty of evidence, as shown in Table 2,3.1%21-26

Case-control studies suggest that the use of glucagon-
like peptide-1 receptor agonists (GLP-1 receptor agonists)
or SGLT?2i in patients with T2DM may be associated with
areduced risk of hepatic complications, although the only
available pilot study of semaglutide in patients with cir-
rhosis did not demonstrate histological improvement.
In the study by Newsome et al., 320 patients (230 of whom
had stage F2 or F3 fibrosis) were randomly assigned to re-
ceive semaglutide at doses ranging from 0.1 mg to 0.4 mg
or placebo. The highest percentage of patients achiev-
ing MASH resolution was observed in the 0.4-mg group
(59%) compared with the placebo group (17%) (p < 0.001
for semaglutide 0.4 mg vs placebo). Improvement in fibro-
sis stage occurred in 43% of patients in the 0.4-mg group
and in 33% of patients in the placebo group (p = 0.48). Al-
though this trial demonstrated a significantly higher rate
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Table 2. Forest plot of comparison: summary of mean difference in controlled attenuation parameter (CAP) post-treatment in patients with non-alcoholic
fatty liver disease (NAFLD) randomized to either sodium-glucose co-transporter 2 (SGLT-2) inhibitor or control™

Study or subgroup Sr?\gz:_r? i SGSLS_Zi SGLI2i C:r:re];rr? I COSnI;rOI et Weight S IESIShes feorbies
(d8/m] | (dB/m) | 2 | @e/m) | @e/my | O S B

Chehrehgosha et al, 20212"  287.8 31.14 35 296.73 40.13 37 21.5% -8.93[-2547,7.61] F o AF A
Han et al, 2019% 298.6 452 29 319.5 373 24 11.9% = -2090([-43.11,1311 2+  +  ? 4+ 7?
Hu et al, 2020% 2544 313 30 264.76 32.74 30 223% @ -1036[-2657,585 @ ?  + + 4+  + 7
Shimizu et al,, 2019%* 2903 72.7 33 3113 37.3 24 7.0% —-21.00 [-49.95, 7.95] ? 7T+ + + 7
Taheri et al,, 2020% 277.7 319 43 281.2 347 47 31.0%  -3.50[-17.26,10.26] ? 2+ [+ [+ ?
Takeshita et al,, 2022% 261.8 58.1 20 282.7 38.7 20 6.3% -2090[-5149,9691 ? + + + + 7
Total (95 % Cl) 190 182 100% @ —10.59 [-18.25,-2.92]

Heterogeneity: Tau? = 0.00; x* = 2.82, df = 5 (P = 0.73); I> = 0%; overall effect: Z = 2.71 (p = 0.007); df — degrees of freedom; SD - standard deviation;
95% Cl — 95% confidence interval.

Test for subgroup differences: Not applicable.

Risk of bias legend:

A - Bias arising from randomization process

B - Bias due to deviations from intended interventions

C - Bias due to missing outcome data

D - Bias in measurement of the outcome

E - Bias in the selection of the reported result

F — Overall bias

Table 3. Forest plot of comparison (sensitivity analysis): summary of mean difference in controlled attenuation parameter (CAP) post-treatment in patients
with non-alcoholic fatty liver disease (NAFLD) randomized to either SGLT-2 inhibitor or control™®

Control | Control Control
Study or subgroup mean SD total Weight
[dB/m] | [dB/m]
37

Mean difference Risk of bias
w6 [T o]}
+ o+ o+ o+ o+ o+

Chehrehgosha et al, 20212 | 287.8 31.14 35 296.73 40.13 31.1%  -893[-2547,7.61]

Han et al, 2019% 298.6 452 29 319.5 373 24 17.3% | -2090[-43.11,131] 2+ 4+ 7  + 7
Hu et al, 20207 2544 313 30 264.76 32.74 30 324% @ -1036[-2657,585] ?  + 4+  +  + ?
Shimizu et al,, 20194 2903 72.7 33 3113 37.3 24 102% | -21.00[-49.95,7.95] @ ? ? + |+ 4+ ?
Taheri etal, 2020 excluded® = 277.7 319 43 281.2 347 47 31.0%  -350[-17.26,1026] ?  ?  + + + ?
Takeshita et al,, 2022% 261.8 58.1 20 282.7 38.7 20 9.1% | -2090[-5149,969] ?  + + +  + 7
Total (95 % Cl) 147 135 100%  -13.77 [-23.00, -4.55]

Heterogeneity: Tau? = 0.00; x? = 1.34, df = 5 (p = 0.85); I> = 0%; overall effect: Z = 2.93 (p = 0.003); df - degrees of freedom; SD - standard deviation;
95% Cl — 95% confidence interval.

Test for subgroup differences: Not applicable.

Risk of bias legend:

A - Bias arising from randomization process

B - Bias due to deviations from intended interventions

C - Bias due to missing outcome data

D - Bias in measurement of the outcome

E - Bias in the selection of the reported result

F — Overall bias

of MASH resolution with semaglutide compared with pla-
cebo, it did not show a significant improvement in fibrosis
stage in patients with MASH.?"28

There is currently an ongoing multicenter, randomized,
double-blind, placebo-controlled phase 3 trial involving
patients with MASH and moderate or advanced liver fibro-
sis who once weekly receive semaglutide at a dose of 2.4 mg
or placebo. Interim trial results have demonstrated statisti-
cally significant improvement in liver histological findings.
However, further research and additional data are required
to confirm these results.?’

In a meta-analysis by Zhou et al., a total of 686 patients
from 8 studies were included. Compared with the control

group, SGLT2i significantly reduced controlled attenuation
parameter (CAP) values (mean difference (MD) = -12.80,
95% confidence interval (95% CI): [-20.57, -5.03], p = 0.001;
Fig. 5) and liver stiffness measurement (LSM) values
(MD = -0.82, 95% CI: [-1.38, —0.25], p = 0.005).3°
According to the 2024 European guidelines for MASLD,
there is currently insufficient evidence to recommend
SGLT?2i or metformin as specific treatments for MASH.
However, their use in patients with MASLD is considered
safe within currently approved indications. The guide-
lines indicate that SGLT2i are safe in patients with Child—
Pugh class A and B cirrhosis and may be used accord-
ing to their approved indications.? Sufficient evidence
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Fig. 5. Forest plot for the overall effects on the treatment of controlled attenuation parameter (CAP)*

supporting the effects of SGLT2i on reducing inflamma-
tory activity and fibrosis in patients with histologically
confirmed MASH is still lacking.

Limitations of the study

The main limitation of this review is that it falls within
the category of narrative or scoping reviews and provides
only a brief overview of the topic. It is not a protocol-
driven, in-depth data analysis and may therefore be subject
to limitations such as bias.

Conclusions

The importance of SGLT2i in diabetes, cardiology, and
nephrology has already been demonstrated, and their
use is becoming increasingly common across various
clinical indications; however, their role in the treatment
of MASLD/MASH has not yet been fully clarified. Nev-
ertheless, SGLT2i are likely to be encountered in patients
with MASLD/MASH during treatment of associated dis-
eases related to metabolic syndrome and its complications.
Some evidence suggests that SGLT2i may have beneficial
effects on the course of MASLD/MASH, including po-
tential effects on fibrosis, steatosis, and oxidative stress,
at least through indirect mechanisms. However, sufficient
evidence evaluating the effects of SGLT2i on reducing
histologically confirmed inflammatory activity and liver
fibrosis in MASH is still lacking. Further research focus-
ing on histological assessment of the effects of SGLT2i
is needed.

Use of Al and Al-assisted technologies

Not applicable.
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