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Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in Western societies and a
major cause of hepatic disease worldwide. Its more severe type, namely nonalcoholic steatohepatitis (NASH),
may result in the development of cirrhosis and hepatocellular carcinoma. NAFLD, and especially NASH, are also
associated with increased cardiovascular morbidity and mortality. Type 2 diabetes mellitus (T2DM) predisposes
to NAFLD development and progression via insulin resistance and hyperglycemia. It has also been reported that
the majority of T2DM patients have NAFLD/NASH, thus potentially further increasing their cardiometabolic risk.
Current guidelines recommend to screen for NAFLD in all T2DM patients and vice-versa. Lifestyle remains the
first-line therapeutic option for NAFLD/NASH. Among antidiabetic drugs, pioglitazone was shown to improve
histological features of NASH. More recently, there is an increasing interest regarding the effects of newer anti-
diabetic drugs, such as dipeptidyl peptidase 4 inhibitors (DPP-4i), sodium glucose cotransporter 2 inhibitors
(SGLT2i), and glucagon-like peptide-1 receptor agonists (GLP-1 RAs) on NAFLD/NASH. The present narrative
review considers the up-to-date data on the impact of DPP-4i, SGLT2i, and GLP-1 RAs on biochemical and/or
histological markers of NAFLD/NASH. The potential clinical implications of these findings in daily practice are
also discussed. Taking into consideration the global increasing prevalence of NAFLD/NASH, therapeutic options
that can prevent or treat this disease will exert considerable benefits on human health.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most frequent
chronic liver disease in Western countries and a major cause of hepatic
edical Biotechnology and
versity of Medical Sciences,
disease worldwide, affecting approximately 25% of the world's adult
population [1]. In this context, the prevalence of NAFLD in 2013 in
Europe was nearly 30–40% in men and 15–20% in women, reaching
70% in patients with T2DM [2]. It is also estimated that NAFLD will be
the main reason for liver transplantation by 2030 [3].

NAFLD is characterized by accumulation of micro/macrovesicular fat
in overall N5% of the hepatocytes (steatosis) in the absence of viral
hepatitis, alcohol abuse or other secondary causes of liver disease
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[4–6]. Its more severe form, nonalcoholic steatohepatitis (NASH),
is characterized by the development of liver inflammation, fibrosis
and necrosis, potentially leading to cirrhosis, hepatocellular carcinoma
(HCC) and end-stage liver disease [7]. NASH prevalence is anticipated
to reach 18 million by 2027 in the US, Japan, and 5 European countries
(i.e. England, France, Germany, Italy and Spain) [8,9].

The clinical burden of NAFLD is not limited to liver-relatedmorbidity
and mortality, but also involves extra-hepatic organs. In this context,
NAFLD is associated with an increased risk of T2DM, chronic kidney
disease (CKD), and cardiovascular disease (CVD)morbidity andmortal-
ity [3,10–13]. It should be noted that the leading cause of death in
NAFLD/NASH patients is CVD [1]. Interestingly, NAFLD has also been
related to excessive fat deposition in other organs such as the heart,
kidneys, pancreas,muscles and blood vessels, highlighting the increased
cardiometabolic burden in these patients [14–16].

Regarding the link between T2DM and NAFLD, these two cardio-
metabolic diseases share common pathophysiological pathways includ-
ing insulin resistance, hyperinsulinemia, hyperglycemia, lipotoxicity,
inflammation, and oxidative stress [17]. Therefore, in terms of pathophys-
iology, treating T2DM could prevent NAFLD/NASH development and/or
progression and vice versa. It is believed that NAFLDpredicts the develop-
ment and progression of NAFLD through metabolic syndrome compo-
nents; on the other hand, NAFLD initiates the future development
of metabolic syndrome components. Consequently, current evidence
suggests a bi-directional relationship and reciprocal causality between
T2DM and metabolic syndrome [18].

There are potential effects of pro-inflammatory and hemostatic
mediators that could increase oxidative stress levels and the synthesis
of prothrombotic markers in NAFLD and chronic vascular complications
of T2DM [14]. The pathogenesis of T2DM in NAFLD patients may be
associated with the adverse effect of fetuin-B on glucose tolerance and
the increase in its levels in patients with T2DM and NAFLD [19]. It is
suggested that T2DM may affect the development of NASH through
the activity of diverse pathogenic cascades such as gut microbiota, dys-
functional adipose tissue and inflammation [20]. Inflammation through
the IKKβ/NFκB (Inhibitory Kappa B Kinases/Nuclear factor kappa-light-
chain-enhancer of activated B cell) signalingpathway could be activated
under diabetic conditions; therefore inflammation-related insulin resis-
tance is expected in these patients [21]. According to these physiopath-
ological imbalances in T2DM and NAFLD, toll-like receptors and M1-
polarized macrophages are expected to activate de novo lipogenesis
through secretion of pro-inflammatory cytokines such as TNF-α, IL-6,
IL-12 (Tumour necrosis factor alpha, Interleukin-6, Interleukin-12) [21].

Moreover, the role of lysyl oxidase like 2 (LOXL2) in the histolog-
ical fibrosis progression process of NAFLD in those with T2DM has
been reported; LOXL2 may be a new therapeutic target in chronic
liver diseases [22].

Furthermore, the European Association for the Study of the
Liver (EASL), the European Association for the Study of Diabetes (EASD)
and the European Association for the Study of Obesity (EASO), in
their joint clinical practice guidelines for the management of NAFLD
recommend to screen for NAFLD in T2DM patients and vice versa
(EASL-EASD-EASO Clinical Practice Guidelines for the management of
nonalcoholic fatty liver disease, 2016).

Currently, lifestyle interventions, such as dietary caloric restriction
and exercise, represent the first-line therapeutic approach for NAFLD,
with weight loss being the key element to improve both biochemical
and histological features of the disease [23]. Regarding drug therapy, cur-
rent guidelines support the use of pioglitazone in NAFLD patients (with
or without T2DM) [23]. Of note, apart from antidiabetic drugs, statins
can also improve NAFLD/NASH biochemical and histological features as
reported by an expert panel statement [23]. Research on the role of
newer antidiabetic drugs, such as dipeptidyl peptidase 4 inhibitors
(DPP-4i), sodium glucose cotransporter 2 inhibitors (SGLT2i) and
glucagon-like peptide-1 receptor agonists (GLP-1 RAs) on NAFLD/NASH
treatment is growing [23–26]. The increasing prevalence of NAFLD,
especially in T2DM patients, as well as the difficulties in relation to the
achievement and maintenance of weight loss by lifestyle changes, high-
light the need for drug therapy to overcome this global health problem.

The present narrative review considers the up-to-date literature on
the effects of newer drugs used to treat diabetes (i.e. DPP-4i, SGLT2i
and GLP-1 RAs) on biochemical and/or histological markers of
NAFLD/NASH. The potential clinical implications of these data in
daily practice are also discussed.

2. Literature search methodology

The searchwas conducted in the PubMed, Scopus and Science Direct
databases and bibliographies and reference lists of relevant articles
weremanually scanned. The searchwas carried out by two independent
researchers and studies published in English with the following key
words were retrieved: Non-alcoholic fatty liver disease; non-alcoholic
steatohepatitis; dipeptidyl peptidase 4 inhibitors; sodium glucose
cotransporter 2 inhibitors, glucagon-like peptide-1 receptor agonists;
type 2 diabetes mellitus. The titles and abstracts of the most relevant
articles were scanned and duplicate publications were then removed.
The reference lists of the relevant articles were also reviewed to ensure
study identification. Finally, all the relevant human studies in full-text
were obtained and read. Editorials, case reports, letters to the editor
and animal studies were excluded.

3. DPP-4i

These drugs exert their glucose-lowering effects primarily by
blocking the enzyme DPP-4 that is involved in the degradation of
incretins i.e. GLP-1 and glucose-dependent insulinotropic polypeptide
(GIP) [27]. Serum DPP-4 levels were reported to be elevated in NASH
patients, as well as to correlate with hepatic steatosis and histopatho-
logical grade of NASH [28]. Similarly, circulating DPP-4 concentrations
were positively associated with liver fibrosis and hepatocytes apoptosis
[29]. Such findings supported the notion that DPP-4i may improve the
histological features of NAFLD/NASH. In this context, animal studies
showed that DPP-4i could suppress oxidative stress and inflammation,
leading to improvements in hepatic steatosis [29].

Among DPP-4i, sitagliptin has been most widely studied (n = 12
human studies) in relation to its effects on NAFLD/NASH. Iwasaki and
colleagues reported that sitagliptin 50 mg/day for 4 months among
T2DM patients (n = 30) who were diagnosed with NAFLD by ultra-
sound, improved the plasma glucose and serum HbA1c (hemoglobin
A1c), AST (aspartate transaminase), ALT (alanine transaminase) and
γ-GT (gamma-glutamyltransferase) levels [30]. According to an obser-
vational pilot study on 15 T2DM patients with biopsy-proven NASH,
treatment for 1 year with daily sitagliptin 100 mg ameliorated body
mass index, AST, ALT, hepatocyte ballooning, and NASH scores [31].
In contrast, a case-control study involving 20 NAFLD patients with
T2DM treated with sitagliptin 50mg/day and 20 NAFLD patients with
T2DM on diet and exercise, followed-up for 48weeks, found that
sitagliptin decreased HbA1c and fasting plasma glucose levels but ALT
and AST levels did not change significantly in any group [32]. Of note,
in this study, NAFLD was diagnosed by ultrasonography and/or com-
puted tomography. Similarly, Fukuhara and colleagues evaluated the ef-
fects of sitagliptin (50mg/day) for 12months among 44 T2DM patients
with biopsy-proven NAFLD. They showed that sitagliptin reduced
HbA1c by 0.7%, but liver transaminases remained unchanged during
treatment [33]. Furthermore, in a retrospective study, 122 T2DM
patients with chronic liver injury (62 patients had NAFLD) received
sitagliptin 50 mg/day for an average of 13.7 months; HbA1c levels im-
proved but ALT, AST and γ-GT were not altered [34]. The same results
were reported by another randomized clinical trial (n = 72 Chinese
T2DM patients with NAFLD diagnosed by ultrasonography, computed
tomography or both), with sitagliptin (50–100 mg/day) exerting no
significant effects on ALT and AST during the 52-weeks follow-up [35].
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Of note, it has been reported that liver fat content was greater in
Japanese citizens comparedwith non-Hispanic whites and Japanese liv-
ing in the USA [36], supporting the existence of an ethnic predisposition
to NAFLD.

In another pilot study involving 7 Japanese T2DMpatientswithNAFLD
determined by ultrasonography, sitagliptin (50 or 100 mg/day) signifi-
cantly decreased HbA1c levels, but had no effects on intramyocellular
and intrahepatic lipid content assessed by H magnetic resonance spec-
troscopy [37]. In contrast, Kato et al., compared the effects of sitagliptin
(25 mg titrated up to 50 mg) with glimepiride (0.5 mg titrated up to
1 mg) on intrahepatic lipid content and body fat in 20 overweight
Japanese patients with T2DM, reported that only sitagliptin significantly
reduced intrahepatic lipid content and total body fat mass after
24 weeks [38]. On the other hand, a randomized clinical trial carried out
on 50NAFLD patientswith prediabetes or early DM, found that sitagliptin
(100 mg/day) administered for 24 weeks did not affect liver fat
count [measured bymagnetic resonance imaging (MRI)-derived proton
density-fat fraction], ALT, AST, low-density lipoprotein (LDL), homeo-
static model assessment insulin resistance, and magnetic resonance
elastography (MRE) [39]. Similarly, a randomized clinical trial of
20 weeks with sitagliptin (100 mg/day) in T2DM patients showed no
significant effects on hepatic fat content and fibrosis (assessed by
proton magnetic resonance spectroscopy) [40].

The effects of sitagliptin on histological features of NASH were
evaluated in 12 patients with biopsy-proven NASH [41]. Sitagliptin
at 100 mg/day did not reduce liver fibrosis score, NAFLD activity score,
lobular inflammation, steatosis, and hepatocellular ballooning after
24 weeks of therapy. In contrast, according to a 1-year randomized
control trial in 40 patients with biopsy-proven NASH, sitagliptin
(100 mg/day) significantly improved NAS (NAFLD Activity Score) and
hepatocellular ballooning [42] Similarly, as mentioned above, 1 year of
sitagliptin (100 mg/day) therapy ameliorated hepatocyte ballooning
and NASH scores, apart from liver tests, in 15 T2DM patients with
biopsy-proven NASH [31]. Therefore, longer duration of sitagliptin
therapy (e.g. 1 year) may be needed to provide significant benefits in
terms of NASH histology.

Vildagliptin, a DPP-4i class drug, was reported to exert beneficial
effects on NAFLD in 2 human studies. Briefly, Hussain et al. conducted
a randomized placebo-controlled trial with 58 NAFLD patients who
were treated with either vildagliptin 50 mg twice daily or placebo for
12 weeks. Liver tests and steatosis grading (assessed by ultrasound)
were significantly improved in vildagliptin-treated patients [43].
Similar results were observed in a study with vildagliptin (50 mg
twice daily for 6months) in 44 T2DM patients; vildagliptin significantly
decreased ALT activity and intrahepatic triglyceride content (assessed
by magnetic resonance imaging) [44].

Regarding alogliptin, there is only 1 (single arm, non-randomized,
multi-center) study in humans; T2DM patients with NAFLD (n = 39)
were diagnosed by ultrasound and treated with 25 mg of alogliptin
daily for 12 months [45]. According to NAFIC scores (NASH, ferritin,
insulin and type IV collagen 7S), 16 patients hadNASH. Alogliptin signif-
icantly reduced NAFIC scores in 6 patients, indicating NASH resolution.
Similarly, there is only 1 human study carried out in saxagliptin on
95 T2DM patients with NAFLD (assessed by ultrasound), showing
significant reduction in liver tests and steatosis after treatment for
24 weeks [46]. Moreover, linagliptin has been shown to improve liver
steatosis in animal studies [47]; however, there is no available data on
human subjects. Overall, DPP-4i may beneficially affect NAFLD/NASH.
However, the majority of available data (mainly studies with a small
n) refer to the effects of sitagliptin on liver tests and steatosis rather
than fibrosis. The duration of treatment may be relevant (Table 1).

4. GLP-1 RAs

Apart from glucose-lowering effects, GLP-1 RAs promoteweight loss
[48], thus emphasizing their potential role in NAFLD/NASH treatment.
It is important to note that GLP-1 RAs have been shown to improve in-
sulin sensitivity [49]. They also seem to cause a direct effect on hepato-
cytes throughmetabolism of lipids, therefore reducing hepatic steatosis
[50]. Moreover, GLP-1 agonists exert protective effects on hepatocytes
through inhibition of dysfunctional endoplasmic reticulum stress
response in relation to fatty acid-related death [50].

Liraglutide has been approved for obesity management at the dose
of 3 mg daily, exerting cardiometabolic benefits [51]. Liraglutide
(3 mg/day) for 26 weeks was also shown to significantly reduce liver
tests (ALT and AST) in a pilot study with 12 obese patients with NAFLD
[52]. However, conflicting data exists in relation to the presence of
GLP-1 receptors on human hepatocytes [53]. These receptors could re-
duce hepatic steatosis through modulating components of the insulin
signaling pathway [49]. Besides, they appear to have a direct effect on
lipidmetabolism of hepatocytes through suppression of lipogenesis [54].

Among GLP-1 RAs, the effects of exenatide on NAFLD have been eval-
uated in 7 human studies. In this context, Fan and colleagues showed
that exenatide (5–10 μg/day) significantly improved weight, body mass
index (BMI), waist-to-hip ratio, HbA1c, fasting plasma glucose, 2-h post-
prandial glucose, ALT, AST, γ-GT, hsCRP (high-sensitivity C-reactive
protein) and adiponectin compared with metformin in 170 T2DM
patients with NAFLD (diagnosed by ultrasonography) after 12 weeks of
treatment [55]. In another randomized study, exenatide (10 μg/day)
co-administered with insulin glargine led to significant reductions in
weight, waist circumference, ALT, AST, and γ-GT compared with the in-
tensive insulin group after 12 weeks of therapy in 60 T2DM patients
with NAFLD determined by ultrasonography [56]. Moreover, according
to a comparative trial, HbA1c, weight, waist circumference, serum tri-
glycerides and fatty liver index (FLI) were significantly decreased after
6 months of exenatide (10 μg/day) therapy compared with metformin
or/and sulphonylurea treatment [57]. In another observational pilot
study (n= 58 T2DM patients with NAFLD), more patients on exenatide
(80%) showed qualitative ultrasonographic improvements in NAFLD fea-
tures compared with gliclazide, pioglitazone, sitagliptin and liraglutide
(33.3, 37.5, 45.5 and 33%, respectively); however, these differences
were not significant [58]. Dutour and colleagues showed that exenatide
(10 μg twice a day) for 26 weeks led to a significant reduction in
HbA1c, weight, epicardial adipose tissue and hepatic triglyceride content
in 44 obese T2DM patients [59]. Similarly, exenatide significantly de-
creased intrahepatic fat by 68% in T2DMpatients (n=33), as did insulin
(by 58%) and pioglitazone (by 49%) after 6 months of treatment [60].
Importantly, exenatide also reduced visceral and subcutaneous fat
(by 36 and 13%, respectively), whereas insulin did not affect them and
pioglitazone only decreased visceral fat (by 30%). In another study,
GLP-1 RAs (exenatide in 19 patients and liraglutide in 6 patients) signif-
icantly decreased intrahepatic lipid content (assessed by proton
magnetic resonance spectroscopy) by 42% when given for 6 months in
25 obese T2DM patients with NAFLD on top of metformin and DPP-4i/
sulphonylurea treatment [61]. Exenatide 5 μg was administered twice
daily during the first few weeks and titrated to 10 μg twice daily after
one month; liraglutide was initiated at 0.6 mg once daily and titrated
to 1.2 mg once daily.

Regarding lixisenatide, there are studies in obese or overweight
T2DM patients evaluating its impact on liver tests; a meta-analysis of
these studies reported that lixisenatide increased the proportion of
patients achieving normalization of ALT [62]. However, no data exists
on the effects of lixisenatide on hepatic steatosis or fibrosis.

Liraglutide has been shown to improve both biochemical and histo-
logical features of NAFLD/NASH in human studies [63]. A retrospective
cohort study showed that liraglutide (0.3–0.6mg/day) after 6 months
significantly reduced weight, BMI, ALT, AST, fasting plasma glucose,
HbA1c and AST to platelet ratio in 26 patients with T2DM and NAFLD
assessed by ultrasonography and liver tests [64]. In another study,
liraglutide (0.6–1.2 mg/day) significantly decreased fasting plasma
glucose, 2 h postprandial glucose, HbA1c, AST/ALT and adiponectin
after 12 weeks in 52 T2DM patients with NAFLD diagnosed by
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Table 1
Summary of the studies evaluating the effects of DPP-4i on NAFLD/NASH.

Pathological condition Drug name Drug mechanism of action Dose Type of study Assessment of NAFLD Treatment duration Participants (number) Reference

NASH Sitagliptin Improvement in hyperglycemia.
Blockage of fatty acid synthase leads
to improvement in liver fat.

100 mg/day Open-label randomized
controlled trial

Liver biopsy 1 year n = 48
Treatment = 24
Control = 24

[42]

T2DM with NAFLD Sitagliptin Blocking GLP-1 and GIP breakdown.
Insulin secretion increases and
suppresses glucagon levels.

50 mg/day Case-control study Liver biopsy 48 weeks n = 40
Treatment = 20
Control = 20

[32]

T2DM complicate by
liver injury

Sitagliptin Attenuation of hepatic fibrosis by
suppressing activated hepatic
stellate cells.
Modulation of insulin components in
insulin signaling pathway.

50 mg/day Retrospective
observational study

Abdominal ultrasonography and/or
computed tomography (CT)

3.7 ± 10.1 months n = 122 [34]

NAFLD with prediabetes
or early diabetes

Sitagliptin + placebo Sitagliptin inactivates
GLP-1 and GIP is released in response
to meals.
Downregulation of sterol regulatory
element binding protein-1c (SREBP-1c).

100 mg/day Randomized, double-blind,
allocation-concealed,
placebo-controlled trial

MRI-derived proton
density-fat fraction (MRI-PDFF)

24 weeks =47
Treatment = 25
Placebo = 22

[39]

T2DM + NAFLD Sitagliptin Blocking GLP-1 and GIP breakdown,
sitagliptin increases insulin secretion
and suppresses glucagon release,
which lowers blood glucose levels.

100 mg/day A randomized controlled
trail

Laboratory measurements-changes
from baseline (ALT, AST, HbA1c)

52 weeks n = 72
Treatment = 36
Control = 36

[35]

NAFLD with T2DM Sitagliptin Downregulation of SREBP-1c 50 mg/day Randomized controlled
trial phase-2

Biopsy 12 months n = 44 [33]

NAFLD with T2DM Sitagliptin Enhances fatty acid oxidation.
Suppresses fatty acid synthesis.
Block accumulation of triglyceride
in liver.
Increases insulin secretion.

50 mg/day Prospective, Uncontrolled
study

Ultrasonography 4 months n = 30 [30]

Sitagliptin + glimepiride Insulin secretion.
Glucagon release suppression.
Less blood glucose levels.

Sitagliptin
(25 mg titrated
up to 50 mg) or
glimepiride
(0.5 mg titrated
up to 1 mg: G)

A prospective,
single-center, open-label
comparative study

H-magnetic resonance
spectroscopy (1H-MRS)
and DEXA

24 weeks n = 20
Sitagliptin = 10
Glimepiride = 10

[38]

T2DM with fatty liver Sitagliptin Decreased EGP level at fasting
and postprandial states, which
is accompanied by decreased glucagon
and increased insulin levels.

50–100 mg/day Open-label,
non-randomized, single-arm
pilot study

H magnetic resonance
spectroscopy

12 weeks n = 7 [37]

T2DM with nonalcoholic
steatohepatitis

Sitagliptin Preservation of pancreatic beta cell
function in patients with T2DM.

100 mg/day Open-label, single-arm
observational pilot stud

Biopsy 1 year n = 15 [31]

NAFLD + dyslipidemia Vildagliptin + placebo Increase in insulin levels, decreases
glucagon level, decreases appetite
and delays gastric emptying.

50 mg/day twice
a day

Randomized placebo
controlled trial

Ultrasound 12 weeks n = 58
Treatment = 29
Placebo = 29

[43]

T2DMwith hepatic
steatosis

Vildagliptin + placebo Metabolic effects, low appearance of
palmitate (i.e. lipolysis) and lipid
oxidation.
Less de novo lipogenesis with less
extent of fat accumulation.

50 mg twice a
day

Randomized placebo
controlled trail phase-2

Imaging (CT or ultrasound) 6 months n = 44
Treatment = 22
Placebo-22

[44]

NAFLD with T2DM Alogliptin Reduction in oxidative stress,
suppression in the liver injury induced
by inflammatory cytokines.

25 mg/day Single arm, multi-center,
non-randomized study

Ultrasonography 12 months n = 39
NAFIC score 0–1
(n = 23)
NAFIC score 2–4
(n = 16)

[45]

ALT: alanine aminotransferase, AST: aspartate aminotransferase, EGP: endogenous glucose production; FG: fasting glucose, γ-GT: gamma-glutamyltransferase; GIP: glucose-dependent insulinotropic polypeptide; GLP-1: glucagon-like
peptide-1; HbA1c: hemoglobin A1c; IHL: intrahepatic lipid; NAFIC: NAS: nonalcoholic fatty liver disease activity score; NASH, ferritin, insulin and type IV collagen 7S; NAFLD: nonalcoholic fatty liver disease; NASH: nonalcoholic
steatohepatitis; T2DM: type 2 diabetes mellitus; TGF-β1: transforming growth factor beta 1.
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ultrasonography [65]. Similarly, 6–12 months of liraglutide therapy
(1.2 mg/day) led to significant improvements in blood glucose and
lipid levels (except for high-density lipoprotein cholesterol; HDL-C),
as well as decreases in AST, ALT, and γ-GT in 424 patients with T2DM
complicated by NAFLD [66].

Liraglutide (1.8 mg/day for 12 weeks) reduced hepatic steatosis
(assessed by proton magnetic resonance spectroscopy) by 10% in 17
T2DM patients but this effect did not differ significantly compared
with placebo [40]. Furthermore, in the Lira-NAFLD study, liraglutide
(1.2 mg/day) significantly decreased body weight, HbA1c and liver fat
content (measured by proton magnetic resonance spectroscopy) in
68 patients with inadequately controlled T2DM after 6 months [67].
In another randomized controlled trial, liraglutide led to significant im-
provements in liver attenuation index and visceral fat area (assessed by
abdominal computed tomography), as well as urinary albumin-to-
creatinine ratio, CRP levels and quality of life in 17 T2DM patients
following 24 weeks of treatment [68]. Liraglutide was initially adminis-
tered at a dose of 0.3 mg/day, gradually increasing the dose to
0.6 mg/day after one week and to 0.9 mg/day after another week
[68]. Another randomized clinical trial in 31 T2DM patients with
ultrasonography-proven NAFLD found that liraglutide therapy for
24 weeks significantly reduced not only weight and HbA1c levels, but
also liver tests and intrahepatic fat content (assessed by ultrasound)
[69]. Of note, liraglutide dose was 0.6 mg/day initially for the first
week, being progressively increased to 1.2 mg/day in the second week
and 1.8 g/day from the third week and after [69]. Similarly, liraglutide
(1.8 mg/day for 26 weeks) significantly decreased body weight,
HbA1c and intrahepatic lipid content (measured bymagnetic resonance
imaging-estimated proton density fat fraction), as well as subcutaneous
and visceral fat [70]. However, in another randomized clinical trial with
35 T2DMpatients, liraglutide (1.8mg/day) therapy for 12weeks did not
significantly affect liver proton density fat fraction, liver volume and
total liver fat index assessed by magnetic resonance imaging [71].
It seems that the longer the duration of liraglutide treatment, the
greater the improvements in liver fat.

Interestingly, in a pilot study, liraglutide therapy (0.9mg/day for
24 weeks) significantly improved BMI, visceral fat accumulation, liver
tests and glycemic control in 19 T2DM patients with biopsy-proven
NAFLD/NASH [72]. Ten of the 19 patients underwent a repeated liver
biopsy at 96 weeks while still on liraglutide therapy; 7/10 showed
improved histological inflammation, 6/10 reduced liver fibrosis and
8/10 improved NAS scores. Furthermore, in the Liraglutide safety and
efficacy in patients with nonalcoholic steatohepatitis (LEAN) study,
a randomized, double-blind, placebo-controlled phase 2 study,
liraglutide (1.8 mg/day) was reported to resolve biopsy-proven
NASH in 9 out of 23 patients, whereas this was observed in only 2
out of 22 patients in the placebo group (p = 0.019) at 48 weeks
[73]. Another randomized trial [n = 30 obese patients with NAFLD
defined as liver fat fraction (LFF) N5% onMRI] showed that liraglutide
(3 mg/day) significantly reduced weight and improved hepatocellular
apoptosis and hepatic steatosis at 26 weeks, similar to lifestyle
modification (including a supervised program of diet and moderate-
intensity exercise) [74]. However, after liraglutide discontinuation,
weight and LFF increased, whereas the benefits were sustained in the
diet + exercise group. Interestingly, the maintenance of LFF reduction
was found to be exercise dependent [74].

Semaglutide (once weekly) significantly decreased plasma ALT ac-
tivity, in a dose-dependent pattern, both in obese patients (n = 957)
(data derived from a 52-week phase 2 randomized controlled trial)
[75] and in T2DM patients (n = 3268) (data derived from the 104-
week Trial to Evaluate Cardiovascular and Other Long-term Outcomes
with 0.5 or 1.0mg/weekly semaglutide in Subjects with Type 2 Diabetes
(SUSTAIN-6)) [75,76]. Semaglutide treatment also showed a significant
dose-dependent reduction in hsCRP levels, which could be associated
with the extent of weight loss in these obese and/or T2DM patients
[76]. According to a Japanese retrospective case series study, dulaglutide
(0.75 mg once weekly) also significantly improved serum aspartate
transaminase, ALT activities and liver stiffness (measured by transient
elastography) after 12 weeks of therapy in T2DM patients with
biopsy-proven NASH [77]. There was also a significant improvement
in body fat mass without changes in skeletal muscle mass or total
body water after measuring skeletal muscle mass index, followed by
reduction in body weight and HbA1c levels in these NAFLD patients
with T2DM [77] Furthermore, in a total of 1499 T2DM patients from 4
randomized clinical trials [i.e. Assessment of Weekly Administration
of LY2189265 (dulaglutide) in Diabetes (AWARD)-1, AWARD-5,
AWARD-8 and AWARD-9], dulaglutide (1.5 mg once weekly) signifi-
cantly lowered plasma ALT, AST, γ-GT activity and liver fat compared
with placebo after 6 months [78]. The reductions were more prominent
in a subgroup of patients with NAFLD (diagnosed by ALT ≥30 IU/l for
men and ≥19 UI/l for women). It is suggested that the reduction in
liver fat could be associated with lower ALT and γ-GT levels after
dulaglutide treatment compared with placebo. However, this study
demonstrated a weak association of ALT with decreases in weight and
HbA1c levels [78].

No data exist on the effects of albiglutide (another once weekly
administered GLP-1 RA) on NAFLD/NASH features. However, there is
an oral form of semaglutide [79] but there are still no data regarding
the effects of oral semaglutide on NAFLD/NASH. Oral semaglutide
was shown to be superior in decreasingweight comparedwith subcuta-
neously administered liraglutide (and placebo) at week 26 [80],
thus supporting its potential beneficial effects on NAFLD. Surprisingly
this paper does not mention liver tests. Both albiglutide and oral
semaglutide are currently unavailable in the market.

Overall, liraglutide seems to be the most promising GLP-1 RA for
NAFLD/NASH prevention and/or treatment. Further large randomized
controlled trials should be conducted to establish whether GLP-1 RAs
represent the first-line drug choice in NAFLD/NASH patients with or
without T2DM. Also, there is need to show if improved NAFLD/NASH
is associated with a significant decrease in vascular events (Table 2).

5. SGLT2i

SGLT2i inhibit glucose reabsorption in the proximal tubule, thus
leading to glycosuria and plasma glucose lowering [81]. Apart from glu-
cose reduction, SGLT2i exert several cardiorenal and metabolic benefits
[82–84] including weight reduction due to glycosuria-induced caloric
loss [85]. Therefore, SGLT2i appear as promising therapeutic agents in
NAFLD/NASH patients.

Regarding canagliflozin, a recentmeta-analysis (11 trials with a total
of 6745 T2DM patients) reported that canagliflozin significantly de-
creased AST, ALT and γ-GT levels [86]. A prospective cohort study in
35 patients with NAFLD (diagnosed by ultrasonography) showed that
canagliflozin (100 mg/day) significantly decreased weight, AST, ALT,
γ-GT, triglycerides, HbA1c, fasting plasma glucose, ferritin, uric acid
and fibrosis-4 (FIB-4) index after 6 months of treatment [87]. Another
randomized clinical trial in 56 inadequately controlled T2DM patients
found that canagliflozin (300 mg/day) significantly reduced HbA1c,
body weight and improved hepatic insulin sensitivity after 24 weeks
[88]. Intrahepatic triglyceride content (measured by proton-magnetic
resonance spectroscopy) was also decreased by canagliflozin but this
change was significant only in NAFLD patients (n= 37) [88]. Similarly,
a prospective non-randomized, open-label, single-arm study in 20
T2DM patients with NAFLD reported that canagliflozin (100 mg/day)
significantly reduced HbA1c, weight and body fat mass (assessed by
bioimpedance analysis), aswell as liver enzymes andhepatic fat fraction
(measured by magnetic resonance imaging) at 6 and 12 months [89].
With regard to NASH, canagliflozin (100 mg/day) led to significant
decreases in HbA1c, body weight, ALT, AST, FIB-4 and FM-fibro
index, observed in 10 T2DM patients with biopsy-proven NASH
after 12 weeks of treatment [90]. Furthermore, a prospective study
in 9 T2DM patients with biopsy-proven NAFLD/NASH showed that



Table 2
Summary of the studies evaluating the effects of GLP-1 RAs on NAFLD/NASH.

Pathological
condition

Drug name Drug mechanism
of action

Dose Type of study Assessment of
NAFLD

Treatment
duration

Participants
(number)

Reference

T2DM with
NASH

Liraglutide Expression of GLP-1
receptor is reduced in
NASH patients.
Loss of appetite.

1.8 mg/day Randomized-placebo
controlled trial

Biopsy 48 weeks Placebo-26
Treatment-26

[73]

T2DM with
insulin
treatment

Liraglutide
Insulin

Reduction in visceral fat,
due to changes in
albuminuria, hepatic
steatosis, and systemic
micro-inflammation.

First day 0.3 mg/day,
increased to 0.6 mg
after one week and
0.9 mg after a
further week.

Randomized,
open-label,
comparative study

Abdominal
computed
tomography

24 weeks n = 17
Liraglutide+ insulin,
n = 8
Insulin alone, n = 9

[68]

NASH and
NAFLD with
glucose
intolerance

Liraglutide Improved glucose
abnormalities.
Decreased histological
inflammation.

0.9 mg/body/day A pilot study
(LEAN-J)

Biopsy 24 weeks n = 26 [72]

T2DM with
NAFLD

Liraglutide
Gliclazide
Metformin

Fewer hypoglycemic
events and less
weight gain.
Greater reductions in
total body, trunk, limb.

Liraglutide dose
was 0.6 mg/day at
first week, 1.2
mg/day, second
week 1.8 g/day
from the third
week onwards.
−120 mg/day
gliclazide

A single-center,
open-label,
prospective,
randomized trial

Ultrasonography 24 weeks n = 85
Gliclazide, n = 27
Liraglutide, n = 29
or metformin
n = 29

[69]

Obese patients
with NAFLD

Liraglutide Insulin mimetic effect.
Extra-pancreatic effects
on satiety and increase
in insulin sensitivity.

3 mg/day A pilot randomized
trial

Magnetic
resonance
imaging

26 weeks n = 24
Liraglutide n= 24
Diet restrictions
plus moderate
exercise (200
min/walk/week)
n = 12

[52]

Obese adults
with NAFLD

Liraglutide Effective in
hepatocellular
apoptosis in NAFLD.
Decrease in hepatic
lipogenesis.

3 mg/daily Randomized clinical
trial

Magnetic
resonance
imaging (MRI)

26 weeks n = 30
Liraglutide n = 15
Moderate-intensity
exercise group n =
15

[74]

NAFLD with
T2DM

Liraglutide
Sitagliptin,
Pioglitazone

Regulation of hepatic
lipid metabolism
by activating
AMP-activated protein
kinase
Reduction of body
weight.

Injection
liraglutide
0.3–0.6 mg/day
Oral-sitagliptin
50 mg/day
Oral-pioglitazone
15 mg/day

Retrospective-active
treatment study

Ultrasonography 6 months Liraglutide-n = 26
Sitagliptin, n = 36
Pioglitazone-n = 20

[64]

T2DM Liraglutide Reduction in liver
lipogenesis and body
weight and less liver de
novo lipogenesis.

1.2 mg/day A prospective,
single-center study

Proton magnetic
resonance
spectroscopy
and MRI

6 months n = 68 [67]

T2DM Liraglutide
Sitagliptin

Positive effects on
glycemic control, body
weight, insulin resistance,
lipid metabolism and
inflammation.

Liraglutide
1.8 mg/day
Sitagliptin
100 mg/day

A randomized
placebo controlled
trail

Proton magnetic
resonance
spectroscopy
(H-MRS)

12 weeks Liraglutide n = 17,
sitagliptin n = 100
mg or matching
placebos, n = 17

[40]

T2DM with
NAFLD

Liraglutide
Metformin

Regulation of hepatic
lipid metabolism by
activating.
AMP-activated protein
kinase-promoting fatty
acid oxidation.

Liraglutide
injection:
0.6–1.2 mg/day
Metformin:
1000–1500 mg/day

A randomized clinical
trail

B-mode
ultrasonic
scanning

12 weeks n = 127
Liraglutide n = 52
Metformin n = 75

[65]

NAFLD with
T2DM

Liraglutide
Sitagliptin
Insulin
glargine

Liraglutide induced
browning of white fat
through activating killer
T cells.
Induced fibroblast
growth factor.
Sitagliptin preserved
pancreatic beta cell
function.

Liraglutide at
0.6 mg/day (day1)
increased by
weekly-1.8 mg/day,
maximum dose
(at least
1.2 mg/day).
Insulin glargine
was started at
0.2 IU/kg/day,
titrated by 2 to 6
units each day

Open-label,
active-controlled,
parallel-group,
multicenter trial

Magnetic
resonance
imaging
(MRI)-estimated
proton density
fat fraction
(MRI-PDFF)

26 weeks n = 75
Liraglutide n = 24
Sitagliptin n = 27
Insulin glargine
n = 24

[70]

T2DM with
NAFLD

Liraglutide
Metformin

Regulatory effect on
pancreatic β cells.
Reduction of hepatocyte
triglycerides by activation
of elements of insulin
receptor substrate.

Liraglutide
1.2 mg/day
administered by
injection
-Metformin 500
mg, 3 times per day

Retrospective study Automatic
biochemical
analyzer

6 months and
1 year

n = 835
Liraglutide group
n = 424
Metformin group
n = 411

[66]
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Table 2 (continued)

Pathological
condition

Drug name Drug mechanism
of action

Dose Type of study Assessment of
NAFLD

Treatment
duration

Participants
(number)

Reference

T2DM Exenatide
Insulin
Pioglitazone

Glycemic control
Increase in plasma
adiponectin levels
Enhanced
mitochondrial fat
oxidation.

Exenatide 10 μg
twice daily
Pioglitazone
15 mg/day

Randomized
non-controlled
clinical trail

Proton nuclear
magnetic
resonance
spectroscopy

6 months n = 33 [60]

Obese patients
with T2DM

Exenatide
Liraglutide

Down-regulation
of transcription
factors in hepatic
lipogenesis.
Up-regulation of
carnitine
palmitoyltransferase-1
(CPT1).

Exenatide 5 μg twice
daily, 10 μg twice
daily after one
month; liraglutide
0.6 mg once daily,
titrated to 1.2 mg
once daily

Prospective cohort
study

Proton magnetic
resonance
imaging and MRI

6 months n = 25
Exenatide n = 19
Liraglutide n = 6

[61]

Obese patients
with T2DM

Exenatide A significant effect on
gastric slowing.

Suppression of
postprandial increase in
triglycerides.

10 μg/day Prospective
uncontrolled
randomized clinical
trial

MRI and
spectroscopy

26 weeks n = 44 [59]

NAFLD with
T2DM not
controlled on
metformin
alone

Metformin in
combination
with gliclazide,
pioglitazone,
sitagliptin,
exenatide, or
liraglutide

GLP-1 receptor in
human hepatocyte
caused reduction of
hepatocyte triglycerides
by activation of insulin
receptor substrate 2 in
hepatocytes.

Metformin
(850 mg/8–12 h)
Gliclazide 30
mg/day–60 mg/day
after 3 months
Pioglitazone 15
mg/day-30 mg/day
after 3 months
Sitagliptin 50 mg
twice a day
Exenatide 5 μg
twice a day, after
3 months
Exenatide 10 μg
twice a day after
1 month
Liraglutide
0.6 mg/day,
increased to
1.2 mg/day after
the first week

Observational pilot
study

Ultrasonography 6 months n = 58
Gliclazide (n = 15),
pioglitazone
(n=13), sitagliptin
(n = 15), exenatide
(n = 7), liraglutide
(n = 8)

[58]

T2DM with
NAFLD

Exenatide
Metformin

Improved oxidative
stress.
Induced fatty acid
deposition and
inflammation in
the liver.

Exenatide was
administrated from
week 1 to week 4 at
5 μg/day and from
week 5 to week
12 at 10 μg/day
Metformin group:
Metformin was
initially
administered at
0.5 g/day.
-Maximum of
2 g/day

Randomized
controlled trail

Ultrasonography 12 weeks n = 117
Exenatide n = 49
Metformin n = 68

[55]

NAFLD with
T2DM

Exenatide
Insulin

Improved levels
of fatty liver.
Insulin resistance.
Body weight loss.

Exenatide 10 μg
with insulin glargine

Randomized-parallel
clinical trail

Ultrasonography 12 weeks n = 60
Exenatide n = 30
Intensive insulin
therapy (n = 30)

[56]

T2DM with
NAFLD/NASH

Dulaglutide Reduction in body
weight and
liver mass.
Improved hepatic
insulin sensitivity.
Reduction in hepatic
triglycerides by
activating GLP-1
receptors on
hepatocytes.

Once weekly
1.5 mg vs. placebo

Clinical
trials-AWARD
program 1, 5, 8, and 9

Laboratory liver
tests with
thresholds of ALT
levels ≥30 IU/l in
men and ≥19 IU/l
in women

6 months n = 1499
Dulaglutide
n = 971
Placebo n = 528

[78]

NAFLD with
T2DM

Dulaglutide Reduction in hepatic
inflammation by
GLP-1RA.
Decreased in the
liver stiffness
measurements

Once weekly
0.75 mg

Retrospective
case-series study

Transient
elastography
Biopsy

12 weeks n = 15 [77]

(continued on next page)
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Table 2 (continued)

Pathological
condition

Drug name Drug mechanism
of action

Dose Type of study Assessment of
NAFLD

Treatment
duration

Participants
(number)

Reference

T2DM and/or
obese

Semaglutide Dose-dependent effect
of semaglutide on ALT
reduction levels
Weight loss by GLP-1
receptor agonists may
cause pleiotropic
effects.

Semaglutide 0.5
or 1.0 mg/week
(T2DM)
Semaglutide
0.05–0.4 mg/day
(obesity)

Post hoc from two
clinical randomized,
double-blind,
multinational,
placebo-controlled
trail

NAFLD fibrosis
score and fibrosis
index 4 were
calculated

104 weeks
(cardiovascular
outcomes
in T2DM)
52-weeks
for (weight
management
trial)

n = 957 (weight
management trial)
n = 3268
(cardiovascular
outcomes in
T2DM trial)

[76]

ALT: alanine aminotransferase, AST: aspartate aminotransferase, γ-GT: gamma-glutamyltransferase, FG: fasting glucose, GLP-1: glucagon-like peptide-1; HbA1c: hemoglobin A1c; IHL:
intrahepatic lipid; NAFLD: nonalcoholic fatty liver disease; NASH: nonalcoholic steatohepatitis T2DM: type 2 diabetes mellitus, hsCRP: high-sensitivity C-reactive protein.
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canagliflozin (100 mg/day for 24 weeks) improved histological fea-
tures of NASH, including steatosis, lobular inflammation, ballooning
and fibrosis stage [90].

Dapagliflozin (10 mg/day) was also shown to significantly reduce
ALT levels to a greater extent than DPP-4i in 102 T2DM patients with
NAFLD (determined by ultrasonography) after 3 months of therapy
[91]. ALT normalization was achieved at a higher proportion of patients
taking dapagliflozin compared with DPP-4i (80 vs 61.5%; p = 0.041)
[91]. In another retrospective, observational study, dapagliflozin
significantly decreased HbA1c, fasting glucose, body weight, systolic
blood pressure and ALT levels at 6 months in 69 T2DM patients [92].
Furthermore, 24 weeks of treatment with dapagliflozin (5 mg/day) in
57 T2DM patients with NAFLD (defined by biochemical and ultrasono-
graphic criteria) led to improvements in liver tests, steatosis and fibrosis
(measured by transient elastography, FibroScan), potentially due to the
dapagliflozin-induced decrease in visceral adipose tissue and body
weight [93]. Similarly, dapagliflozin (10 mg/day) combined with
omega-3 carboxylic acids were reported to significantly reduce liver
fat content (measured by magnetic resonance imaging-proton density
fat fraction) in 84 T2DM patients with NAFLD after 12 weeks [94].
Another clinical study showed that dapagliflozin (5 mg/day) signifi-
cantly improved liver and subcutaneous fat in 55 T2DM patients at
6 months [95]. Of note, in a prospective, non-randomized, open-label
study in 11 T2DM patients with biopsy-proven NASH, dapagliflozin
therapy for 24weeks led to significant reductions in BMI, waist circum-
ference, waist-to-hip ratio, body fat mass, HbA1c, fasting plasma
glucose, insulin and liver tests [96].

The Effect of Empagliflozin on Liver Fat trial (E-LIFT), a prospective,
open-label, randomized clinical study involving 50 T2DM patients
with NAFLD (diagnosed bymagnetic resonance imaging-derived proton
density fat fraction), showed that empagliflozin (10 mg/day) for
20 weeks significantly reduced ALT and liver fat [97]. Another single-
center, retrospective, observational study found that empagliflozin
(5 mg/day) significantly improved HbA1c, body weight, systolic
blood pressure and fasting glucose, as well as ALT levels in 46 T2DM
patients after 6 months of treatment [92]. Of note, reductions in ALT
levels were associated with decreases in HbA1c and fasting glucose.
Furthermore, empagliflozin led to decreases in AST and ALT compared
with placebo [in the Empagliflozin Cardiovascular Outcome Event
Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG OUTCOME) trial
(n = 7020) at week 28 and in 4 other 24-week placebo-controlled
trials (n = 2477)] as well as compared with glimepiride in week 104
(n=1545) in T2DM patients [98]. These empagliflozin-induced reduc-
tions were greater with higher baseline ALT and AST levels.

Ipragliflozin was shown to significantly improve ALT in a 24-week,
randomized, open-label, active-controlled trial with T2DM patients
with NAFLD (n = 66; 32 on 50 mg/daily ipragliflozin) [99]. When
added on DPP-4i or GLP-1 RAs, ipragliflozin significantly decreased
ALT and the Fibrosis-4 score in 130 T2DM patients with NAFLD [100].

Overall, SGLT2i can be used in T2DMpatients with NAFLD, especially
in combination with GLP-1 RAs. Further research is needed with well-
designed randomized controlled trials to elucidate whether SGLT2i
should be used as the first-line drug choice in NAFLD/NASH patients
with or without T2DM (Table 3).

6. Future perspectives

As discussed above, certain antidiabetic drugs may improve the bio-
chemical and/or histological features of NAFLD/NASH. Some of these
drugs, especially SGLT2i and GLP-1 RAs, have also been reported to
exert cardiorenal benefits in randomized, placebo-controlled, clinical
trials including the Empagliflozin Cardiovascular Outcome Event Trial
in Type 2 Diabetes Mellitus Patients (EMPA-REG OUTCOME) [101], the
Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular
Outcome Results (LEADER) [102] the Canagliflozin Cardiovascular
Assessment Study (CANVAS) Program [103] the Dapagliflozin Effect
on Cardiovascular Events-Thrombolysis in Myocardial Infarction
58 (DECLARE-TIMI 58) trial [104], the Trial to Evaluate Cardiovascular
and Other Long-term Outcomes with Semaglutide in Subjects
with Type 2 Diabetes (SUSTAIN-6) [75], the Harmony Outcomes
trial (with albiglutide) [105] and, very recently, the Researching
Cardiovascular Events with a Weekly Incretin in Diabetes (REWIND)
trial [106]. Of note, the Peptide Innovation for Early Diabetes Treatment
(PIONEER) 6 trial with oral semaglutide was neutral compared with
placebo in terms of the primary endpoint of CVDmorbidity andmortal-
ity; however, oral semaglutide significantly decreased total and CVD
death in exploratory analyses [107]. It is of interest to investigate
whether the beneficial effects that these drugs exert on NAFLD/NASH
may have also contributed to any cardiorenal benefits observed in the
abovementioned randomized clinical trials.

Apart from NAFLD, excessive fat depositions in other organs
(e.g. heart, muscle, pancreas, kidney and vasculature) may also be
linked to cardiometabolic disorders [108,109]. There is a growing inter-
est on the effects of DPP-4i, GLP-1 RAs and SGLT2i on these fat depots,
and especially on epicardial thickness [59,110–113]. Further research
is needed in this field to elucidate whether any of these drugs can
reduce abnormal peri- and intra-organ fat (APIFat) and whether such
beneficial effects decrease cardiorenal risk.

It should be noted that apart from antidiabetic drugs, statins
and some antihypertensive drugs, especially renin-angiotensin-
aldosterone system blockers, may also beneficially affect NAFLD/NASH
[114–119]. Therefore, combinations of such drugs, along with
aggressive lifestyle interventions, may further improve liver and
CVD outcomes [115].

A previous study has reported that statins can be safely prescribed in
patients with NASH and T2DM [120] although several meta-analyses
have reported the risk of new onset diabetes after treatmentwith inten-
sive doses of statins. However, this side effect of statins is remedied by
its cardiovascular and kidney protective effects. Therefore, prescription
of statin should not be discouraged in patients with NAFLDwho are risk
of high CVR and TD2M [121].

Finally, postprandial lipemia (PPL) has also been linked to NAFLD
[122] as well as increased CV risk [123,124]. It should be noted that
there are limited data on the effects of the newer antidiabetic drugs



Table 3
Summary of the studies evaluating the effects of SGLT2i on NAFLD/NASH.

Pathological
condition

Drug name Drug mechanism of action Dose Type of study Assessment
of NAFLD

Treatment
duration

Participants
(number)

Reference

T2DM with
NAFLD

Dapagliflozin
OM3CA

Improved mitochondrial function.
Reduced endoplasmic reticulum
stress in liver.

Dapagliflozin
10 mg/day
OM3CA
4 g/day

Double-blind
randomized
placebo-controlled
study

MRI 12 weeks Dapagliflozin
n = 21
OM3CA
n = 20
A combination
of both n= 22
or placebo
n= 21

[94]

Inadequately
controlled
T2DM

Dapagliflozin
and non-SGLT2i

Significant changes in
liver-to-spleen ratio.
Alleviation of hyperglycemia-
improvement in insulin
resistance.

Dapagliflozin
5 mg/day

Prospective cohort
study

CT scan 6 months n = 55 [95]

T2DM Dapagliflozin or
empagliflozin

Improvement in glycemia due
to the amelioration of hepatic
dysfunction.
Changes in both HbA1c and
FG levels.

Dapagliflozin
5 mg/day
Empagliflozin
5 mg/day

Single center,
retrospective,
observational
study

ALT and AST
measured at
baseline and after
26 weeks

6 months n = 115
Dapagliflozin
n = 69
Empagliflozin
n = 46

[92]

T2DM with
NAFLD

Dapagliflozin Significant increase in
adiponectin, which may be related
to the reduction in visceral fat
mass in these patients.

Dapagliflozin
5 mg/day

Randomized,
active-controlled,
open-label trial

Transient
elastography

24 weeks n = 57
Dapagliflozin
(n = 33)
Control
(n = 24)

[93]

NASH with
T2DM

Dapagliflozin Reduction in median values of
waist circumference and
waist-to-hip-ratio visceral fat.
Improvement in body composition

Dapagliflozin
5 mg/day

Prospective,
open-label,
uncontrolled study

Percutaneous liver
biopsy

24 weeks n = 11 [96]

NAFLD with
T2DM

Canagliflozin Decrease in exosome
miR-122 ratios.
Increase in extracellular
miR-122 ratios.

Canagliflozin
100 mg/day

Prospective cohort
study

Extracellular and
exome
microRNA-122 test

24 weeks n = 9 [91]

Inadequately
controlled
type-T2DM

Canagliflozin Changes in body weight and
glucose metabolism.
Less accumulation of intrahepatic
triglyceride.

Canagliflozin
300 mg/day
or placebo

Double-blind,
parallel-group,
placebo-controlled
study

Proton-magnetic
resonance
spectroscopy

24 weeks Treatment = 56
Control = 37

[88]

T2DM with
NAFLD

Canagliflozin Beneficial effects on body
composition, hepatic fat storage,
liver enzymes, and glycemic
control.
Fatty acids consumption instead
of glucose without changing the
whole-body energy
consumption.

Canagliflozin
100 mg/day

Pilot, prospective,
non-randomized,
open-label,
single-arm study

Magnetic resonance
imaging

12 months n = 19 [89]

NAFLD Canagliflozin Excretion of glucose and decrease in
body fluid volume via osmotic
diuretics.
Decrease in oxidative stress and
increase in insulin resistance.

Canagliflozin
100 mg/day

Prospective cohort
study

FIB-4 score system
by using AST & ALT
levels

3 and 6
months

n = 35 [87]

T2DM with
NASH

Canagliflozin A negative energy balance,
followed by decrease in
body weight.

Canagliflozin
100 mg/day

Single-arm,
exploratory study

Hepatic fibrosis
stage 1–3
Liver biopsy

12 weeks n = 10 [90]

T2DM +
NAFLD

Empagliflozin Urinary glucose excretion
and decrease in blood
glucose levels.
Improvement in hyperglycemia
downregulates carbohydrates
binding protein (ChREBP)

10 mg/day Randomized
controlled trial
(E-LIFT Trial)

MRI/PDFF 20 weeks Treatment = 22
Control = 20

[97]

T2DM Dapagliflozin
Empagliflozin

Improvement in glycemia due to the
amelioration of hepatic dysfunction.
Changes in both HbA1c and FG
levels.

Dapagliflozin
5 mg/day
Empagliflozin
10 mg/day

Single center,
retrospective,
observational

Liver tests for ALT
and AST measured
at baseline and after
26 weeks

6 months n = 115
Dapagliflozin
(n = 69)
Empagliflozin
(n = 46)

[92]

T2DM Metformin
Empagliflozin

Changes in weight or HbA1c.
Reduction in fat mass, may lead to
inhibition of inflammatory
cytokines released from
adipocytes.

Empagliflozin
10 mg/day

Randomized
trial-including the
EMPA-REG
OUTCOME® trial

Changes from
baseline ALT and
AST levels

A trial of
empagliflozin
vs glimepiride
over 104
weeks

n = 7020
pooled data
Empagliflozin
n = 4687
Placebo
n = 2333

[98]

NAFLD +
T2DM

Ipragliflozin
Pioglitazone

Prevent the reabsorption of glucose
in the proximal renal tubule
Increase urinary glucose
excretion.
Lowering effects on blood glucose
and body weight.

Ipragliflozin
50 mg/day
Pioglitazone
15–30
mg/day

Open-label active
controlled trial

CT scan 24 weeks n = 66
Ipragliflozin
treatment = 32
Pioglitazone
treatment-34

[99]

T2DM Empagliflozin Changes in glycosylated
hemoglobin levels.

10 mg/day Retrospective
study

Laboratory
measurements-

320 days n = 130 [100]

(continued on next page)
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Table 3 (continued)

Pathological
condition

Drug name Drug mechanism of action Dose Type of study Assessment
of NAFLD

Treatment
duration

Participants
(number)

Reference

Hyperinsulinemia results in the
downregulation of sterol
regulatory element binding
protein-1c (SREBP-1c).

changes from
baseline (ALT) and
body weight

ALT: alanine aminotransferase; AST: aspartate aminotransferase; BS: blood sugar; CT: computed tomography; DPP-4i: dipeptidyl peptidase 4 inhibitors; FG: fasting glucose, FGF21:
fibroblast growth factor 21; FIB-4: fibrosis-4; FM-fibro: γ-GT: gamma-glutamyltransferase; GLP-1: glucagon-like peptide-1; HbA1c: hemoglobin A1c; MRI: magnetic resonance imaging;
NAFLD: nonalcoholic fatty liver disease; NASH: nonalcoholic steatohepatitis; OM3CA: omega-3 carboxylic acids; PDFF: proton density fat fraction; SFA: subcutaneous fat area; SGLT2i:
sodium glucose cotransporter 2 inhibitors; T2DM: type 2 diabetes mellitus; TG: triglycerides; UA: uric acid.
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mentioned above on PPL. Among them, vildagliptin, alogliptin,
exenatide and liraglutide were reported to improve PPL [125–129].
Further research in this field is required.
7. Conclusions

NAFLD represents a very common cause of chronic liver disease
which together with NASH, are associated with increased liver- and
CVD-morbidity and mortality. Lifestyle measures are the cornerstone
of NAFLD/NASH treatment. There are data supporting beneficial effects
of DPP-4i, GLP-1 RAs and SGLT2i on biochemical and/or histological fea-
tures of NAFLD/NASH. Furtherwell-designed randomized controlled tri-
als should be conducted to establish the role of these antidiabetic drugs
on NAFLD/NASH prevention and treatment.
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