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SGLT-2 Inhibitors: Are They a Promising 
Treatment Option in T2DM Patients  
with NAFLD?

Dimitrios Patoulias*

ABSTRACT
Sodium glucose co-transporter type 2 inhibitors (SGLT-2 inhibitors) are a class of antidiabetics, recently approved for the treatment of 
patients with T2DM. They feature cardioprotective and renoprotective action, while they exert beneficial effects on metabolic parameters. 
Non-alcoholic fatty liver disease (NAFLD) is a frequent co-morbidity in diabetic patients. Its prevalence reaches up to 70%. Since there is no 
specific treatment approved for NAFLD, both experimental and clinical studies have been recently conducted highlighting the efficacy and 
safety of SGLT-2 inhibitors mainly in animal models and secondarily in patients with T2DM and NAFLD. This class of antidiabetics seems 
very attractive, improving both glycemic control and liver function tests, while inhibiting NAFLD progression. However, further investigation 
is required to establish them as a first-line treatment option in T2DM patients with NAFLD, after thorough assessment of their efficacy and 
safety in clinical practice.
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ABBREVIATIONS
SGLT-2, sodium-glucose co-transporter type 2; DM, di-
abetes mellitus; T2DM, type 2 diabetes mellitus; NAFLD, 
non-alcoholic fatty liver disease; NASH, non-alcoholic 
steatohepatitis; HCC, hepatocellular carcinoma; TC, total 
cholesterol; FPG, fasting plasma glucose; FFA, free fatty 
acids

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is very common 
among patients with type 2 diabetes mellitus (T2DM). 
Prevalence of NAFLD in patients with T2DM rises up to 
70%, while prevalence of non-alcoholic steatohepatitis 
(NASH) in T2DM asymptomatic individuals is as high as 
20% (1). As NAFLD can lead to NASH, and the latter to cir-
rhosis and hepatocellular carcinoma (HCC), physicians 
should pay extra attention in those cases of concomitance. 

SGLT-2 inhibitors are a class of antidiabetic drugs, re-
cently approved for the treatment of patients with T2DM. 
A few experimental and clinical studies have been con-
ducted aiming at investigating whether SGLT-2 inhibitors 
can offer as therapeutic option in patients with both T2DM 
and NAFLD. 

Although there is no approved treatment for NAFLD, 
the presence of a drug class that improves both glycemic 
control and liver function tests, and inhibits the progres-
sion of NAFLD, seems very attractive in clinical practice. 
Through this brief communication, I  aim at presenting 
both the relevant experimental and clinical data, discuss-
ing the potential beneficial effects of SGLT-2 inhibitors on 
those patients.

PATHOPHYSIOLOGY

SGLT-2 inhibitors mediated glucosuria leads to decrease 
in blood glucose levels, and finally to suppression of in-
sulin secretion by pancreatic β-cells. Glucagon levels are 
elevated due to the paracrine effect of insulin and the di-
rect effect of SGLT-2 inhibitors on the pancreatic α-cells. 
This hormonal imbalance (increased glucagon/insulin ra-
tio) induces increase in hepatic gluconeogenesis, glucogen 
breakdown and lipolysis (2).

Daniele et al. documented that dapagliflozin shifts 
energy metabolism in patients with T2DM from glucose 
to lipid oxidation. The researchers noticed the presence 
of increased plasma ketone concentration in patients 
treated with dapagliflozin. Increased b-oxidation and in-
creased fasting plasma glucagon levels constitute a poten-
tial mechanism of increased total ketone levels in those 
subjects treated with SGLT-2 inhibitors. Ferrannini et al. 
came to a similar conclusion, with the use of empagliflozin 
in patients with T2DM (3, 4). 

In another interesting study by Ferrannini and col-
leagues in patients with T2DM, it was observed in the 
acute phase that empagliflozin led to improved glycemia, 
decrease in tissue glucose disposal and improved β-cell 
function and cellular insulin sensitivity, along with en-
hanced postprandial GLP-1 response. Chronic study con-

firmed the shift in substrate utilization from carbohydrate 
to lipid – as indicated by the increase in FFA concentra-
tions –, with maintenance of the results obtained in the 
acute phase of the study (5).

Kamei and colleagues showed in their recently pub-
lished study that tofogliflozin administration in patients 
with T2DM led significant decrease in body weight, body 
mass index (BMI), body fat mass and visceral fat area, 
besides the significant improvement in glycemic control 
and serum uric acid levels. After univariate analyses, the 
authors concluded that tofogliflozin seems a more reason-
able therapeutic approach in obese individuals with re-
cently diagnosed T2DM, suggesting in fact the phenotype 
of patients that may benefit most from SGLT-2 inhibitor 
initiation (6).

Collective and careful interpretation of the above leads 
to the conclusion that SGLT-2 inhibitors mediate metabo-
lism shift from glucose to lipid oxidation, enhance β-cell 
function, improve cellular glucose sensitivity and lead to 
significant decrease in body weight, mainly due to reduc-
tion in body fat mass and visceral fat area. Thus, it seems 
reasonable that SGLT-2 inhibitor administration in pa-
tients with concomitant T2DM and NAFLD will be much 
beneficial, with significant improvement in all metabolic 
parameters.

EXPERIMENTAL DATA

Honda et al. (7) investigated the effect of ipragliflozin 
on diet induced obese (DIO) mice, using an amylin liver 
NASH model (AMLN) for 20 weeks. The researchers found 
that ipragliflozin reduced levels of total cholesterol (TC), 
fasting plasma glucose (FPG), insulin, free fatty acids (FFA) 
and aminotransferase, while it also improved insulin re-
sistance. At pathogenesis level, ipragliflozin improved 
steatosis grade, decreasing lobular inflammation and li-
pid droplets deposition, while it improved fibrosis stage in 
treated mice, as well.

Komiya et al. (8) conducted an experimental study in 
obese mice with insulin resistance, concluding that iprag-
liflozin decreased liver weight, hepatic lipid accumulation 
and triglyceride (TG) deposition, serum ALT levels, along 
with glucose intolerance, findings supportive of beneficial 
effects on hepatic steatosis. Downregulation of lipogenic 
genes and genes involved in macrophages activation ex-
plain ipragliflozin effects on hepatic steatosis and inflam-
mation. In a clinical study following the animal study, the 
authors documented improvement of liver dysfunction in 
patients with T2DM, without significant weight reduction. 
They suggest that SGLT-2 inhibitors may serve as optional 
treatment for hepatic steatosis in T2DM individuals, due 
to their multifactorial effects on metabolic parameters.

In another DIO mouse model, Nakano et al. (9) docu-
mented that after a 4-week course of treatment, remo-
gliflozin decreased serum ALT and AST levels, total liver 
weight, while it also reduced hepatic inflammation and 
oxidative stress, as indicated by reduced mRNA expression 
of TNF-a, MCP-1 and TBARS, respectively. Remogliflozin 
also improved hepatic steatosis, by reducing TG content 
in hepatic tissue.
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Tahara et al. (10) investigated the therapeutic impact 
of ipragliflozin on high-fat diet and streptozotocin–nico-
tinamide-induced type 2 diabetic mice. The administered 
SGLT-2 inhibitor improved significantly glycemic control, 
lipid levels, hepatic lipid content, total body and liver adi-
pose tissue weight and serum levels of AST and ALT. Oxi-
dative stress and inflammatory process were significantly 
improved, dose-dependently, by ipragliflozin. Thus, ipra-
gliflozin ameliorates hepatic steatosis and progression to 
NASH, finding indicative of potential use in diabetic pa-
tients with NAFLD.

In another experimental study in rats fed on cho-
line-deficient L-amino acid-defined diet, with induced he-
patic steatosis and fibrosis, Hayashizaki-Someya et al. (11) 
documented that ipragliflozin: a) suppressed body weight 
gain, b) reduced hepatic TG content, c) decreased hepatic 
fibrosis score in a dose-dependent manner and d) did not 
affect serum AST and ALT levels. The authors suggest fat 
utilization as the main factor that led to decrease in ste-
atosis. In accordance with the previous studies was that 
conducted by Qiang et al. (12). The researchers developed 
a rodent model with T2DM and NASH and evaluated the 
efficacy of luseogliflozin on metabolic parameters. In mice 
treated with the SGLT-2 inhibitor, the authors noticed 
normalization of serum ALT levels, decrease in hepatic 
steatosis and improvement in inflammatory and fibrotic 
changes. 

Ji et al. (13) evaluated the beneficial effect of canagli-
flozin on metabolic parameters performing an experi-
mental study in DIO mice, which did not feature or devel-
op T2DM. It decreased body weight in DIO mice, reduced 
serum levels of TC and TG, but more significantly, it im-
proved hepatic steatosis, reversing the effects of high fat 
diet on liver weight and liver to body weight ratio. Up-reg-
ulation of PPARα1 and down-regulation of DGAT2, PPARγ1 
and PPARγ2 may explain this effect on hepatic steatosis. 

Jojima et al. (14) confirmed the synergistic effect of em-
pagliflozin and linagliptin on inhibition of NASH progres-
sion in a mouse model of NASH and DM, however lack-
ing obesity and insulin resistance. The authors found that 
empagliflozin reduced serum ALT, liver to body weight 
ratio and hepatic TG content, while it also decreased sig-
nificantly hepatic inflammation. However, anti-fibrotic 
effect of the combination was more efficient than empag-
liflozin or linagliptin alone. Another interesting finding 
was that the combination significantly reduced FAS and 
ACC1 mRNA expression, genes both involved in lipogen-

esis, while neither empagliflozin nor linagliptin affected 
expression of ACOX1 and PPAR-α, genes involved in β-ox-
idation, in contrast with Ji et al. 

Obara et al. (15) identified an effect of tofogliflozin on 
the progression of NAFLD towards cirrhosis and hepato-
cellular carcinoma (HCC). The researchers administered 
tofogliflozin in diabetic and obese mice for 2 weeks, while 
they were also administered diethylnitrosamine-contain-
ing water. They concluded that tofogliflozin improved he-
patic steatosis and inflammation, reduced serum glucose 
and FFA levels, while it did not affect insulin resistance. 
A much more interesting finding was that the adminis-
tered SGLT-2 inhibitor suppressed the development of he-
patic paraneoplastic lesions, due to attenuation of NAFLD 
progression and not due to direct effect on HCC cells. 

The main results of the above discussed experimental 
studies are summarized on table 1.

CLINICAL DATA

There are only a few clinical data regarding the usefulness 
of SGLT-2 inhibitors in NAFLD until now. In their clinical 
study in 11 patients with T2DM and NASH, Tobita et al. (16) 
affirmed that dapagliflozin after 24 weeks of treatment re-
duced body fat mass and percent body fat, improved liver 
tests and glycemic parameters. The authors associated: a) 
lower ferritin levels with improvement in hepatic fibrosis 
and b) improvement in glycemic control and lower insu-
lin levels with decrease in insulin resistance. Despite the 
small sample of patients, the short-term study and the ab-
sence of liver biopsies, the above results are promising as 
for the use of SGLT-2 inhibitors in patients with metabolic 
syndrome. In a recently published randomized controlled 
trial, patients with T2DM and NAFLD were randomized to 
receive either ipragliflozin or pioglitazone for 24 weeks. 
Improvement in NAFLD values and glycemic control were 
equal between the two groups. However, only ipragliflozin 
reduced significantly body weight and abdominal fat area, 
enhancing its usefulness as treatment option in patients 
with T2DM and NAFLD (17).

In a  pooled analysis, Leiter et al. (18) documented 
that canagliflozin was superior to placebo or sitagliptin 
regarding the improvement of liver function tests in in-
dividuals with T2DM, finding consistent with substantial 
improvement in glycemic parameters and reduction in 
total body weight. Finally, Okhi et al. (19) administered 

Tab. 1 Effect of SGLT-2 inhibitors on hepatic steatosis, hepatic fibrosis and tumorigenesis (experimental models).

Administered SGLT-2 inhibitor Hepatic steatosis Hepatic fibrosis Tumorigenesis
Honda et al (7) Ipragliflozin ✓ ✓
Komiya et al (8) Ipragliflozin ✓ ✓
Nakano et al (9) Remogliflozin ✓
Tahara et al (10) Ipragliflozin ✓ ✓
Hayashizaki-Someya et al. (11) Ipragliflozin
Qiang et al. (12) Luseogliflozin ✓ ✓
Ji et al. (13) Canagliflozin ✓
Jojima et al. (14) Empagliflozin ✓ ✓
Obara et al. (15) Tofogliflozin ✓ ✓
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an SGLT-2 inhibitor in 24 patients with T2DM and NAFLD 
previously receiving either a DPP-4 inhibitor or a GLP-1 
analog. After 320 days of administration, the research-
ers observed not only a further improvement in glycemic 
control, but also decrease in serum ALT levels and body 
weight and improvement in FIB-4 index. SGLT-2 inhib-
itors seem an interesting alternative in patients with 
NAFLD and T2DM, who did not respond to incretin-based 
therapies.

CONCLUSION

Based upon the above mentioned, primarily, experimental 
and, secondly, clinical data, although it is early to reach 
a safe conclusion, SGLT-2 inhibitors share some certain 
characteristics: they act against inflammation and oxi-
dative stress, decrease hepatic steatosis, prevent the pro-
gression towards hepatic fibrosis or even reverse fibrotic 
changes in liver parenchyma and they possibly act against 
tumorigenesis. According to available data, they seem su-
perior to other antidiabetics, and they can act synergisti-
cally, as well. Further investigation regarding their effi-
cacy and safety in well-designed randomized controlled 
trials in humans will clarify whether they can be estab-
lished as first-line therapeutic option or not.

I consider that this class of antidiabetics constitutes 
a very attractive therapeutic option in patients with T2DM 
and NAFLD. 
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