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Non-alcoholic fatty liver disease (NAFLD) is a common 
finding in obese people, especially patients with type 
2 diabetes (T2DM). It may progress to non-alcoholic 
steatohepatitis (NASH) and ultimately fibrosis and cirrhosis 
(1-3). Because of the epidemics of both obesity and T2DM, 
the prevalence of NAFLD will increase, potentially causing 
a tremendous clinical and economic burden (4). Recent 
data showed that NAFLD is not only confined to liver-
related morbidity and mortality, but rather should be 
considered as a multisystem disease, as it increases the risks 
of cardiovascular disease and chronic kidney disease (5). 
The role of low-grade inflammation appears crucial in all 
these comorbidities, a finding that may be targeted by some 
glucose-lowering agents (6), including sodium-glucose 
cotransporter type 2 (SGLT2) inhibitors (7).

There is no approved pharmacotherapy for patients with 
NAFLD and NASH (2), yet numerous pharmacological 
strategies have been evaluated in clinical studies or are 
still in current development (3,8). Among antidiabetes 
medications, besides pioglitazone (a thiazolidinedione 
acting as insulin-sensitizer) and liraglutide [a glucagon-like 
peptide-1 (GLP-1) receptor agonist], SGLT2 inhibitors 
have shown some efficacy in early preliminary experimental 
and clinical studies devoted to NAFLD (8,9). Considering 
their positive impact on cardiovascular events (10) and renal 
outcomes (11), SGLT2 inhibitors occupy an increasing role 

in the management of T2DM (12). In this context, their 
effects on NAFLD raise increasing interest and certainly 
deserve further investigation. 

The E-LIFT (“Effect of Empagliflozin on Liver 
Fat Content in Patients with Type 2 Diabetes”) study 
was an investigator-initiated prospective, open-label 
randomized clinical trial (RCT) to study the effect of the 
SGLT2 inhibitor empagliflozin in T2DM patients with  
NAFLD (13). Fifty patients were randomly assigned to 
either the empagliflozin group (standard treatment for 
T2DM plus empagliflozin 10 mg daily) or the control 
group (standard treatment without empagliflozin) for  
20 weeks. Change in liver fat was measured by using MRI-
derived proton density fat fraction (MRI-PDFF), a robust 
and quantitative biomarker of hepatic steatosis (intracellular 
fat accumulation in hepatocytes). Secondary outcome 
measures were changes in serum liver enzymes, i.e., alanine 
transaminase (ALT), aspartate transaminase (AST), and 
gamma-glutamyl transferase (GGT) levels. When added 
to the standard treatment for T2DM, empagliflozin was 
significantly better at reducing liver fat (mean MRI-PDFF 
difference between the empagliflozin and control groups 
at 20 weeks: −4.0%; P<0.0001). Compared to baseline, 
significant reduction was found in the end-of-treatment 
liver fat content (MRI-PDFF) for the empagliflozin 
group while a non-significant change was found in the 
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control group (Table 1). The empagliflozin group showed 
a significant reduction in serum ALT level and a numerical 
reduction in AST and GGT levels. The conclusion was that 
empagliflozin, added to standard treatment, reduces liver 
fat and improves ALT levels in patients with T2DM and 
NAFLD (13).

Interestingly, similar results were reported with 
dapagliflozin in T2DM patients with NAFLD (14). 
In a 12-week RCT, the SGLT2 inhibitor reduced the 
liver fat content, again assessed by MRI-PDFF and 
used as primary endpoint, by 13% compared to placebo  

(Table 1). Dapagliflozin monotherapy also reduced all 
measured hepatocyte injury biomarkers, including 
ALT, AST and GGT, and fibroblast growth factor 21 
(FGF21), suggesting reduced cell damage and improved 
mitochondrial function or reduced endoplasmic reticulum 
stress associated with NAFLD. Furthermore, it showed 
that combined treatment of dapagliflozin with omega-3  
(n-3) carboxylic acids further reduced liver fat content 
(−21% with combined therapy versus −13% with 
dapagliflozin monotherapy) (14).

Several other recent studies compared the effects of 

Table 1 Comparison of the effects of SGLT2 inhibitors versus placebo on liver enzymes and measurements of liver fat content in patients with 
T2DM included in randomized controlled trials

References Patients 
Duration, 
weeks 

Treatment N ALT AST GGT
MRI-PDFF, (% 
liver fat)

Kuchay  
et al. 2018 (13)

NAFLD 20 Empagliflozin  
10 mg

22 64.3 → 49.7 44.6 → 36.2 65.8 → 50.9 16.2 → 11.3

P=0.001 P=0.040 P=0.002 P<0.0001

Placebo 20 65.3 → 61.6 45.3 → 44.6 63.9 → 60.0 16.4 → 15.5

P= NA P= NA P= NA P=0.054

Eriksson  
et al. 2018 (14)

NAFLD 12 Dapagliflozin  
10 mg

19 67 → 53 52 → 45 97 → 89 17.3 → 15.1

P<0.05 P<0.05 P<0.05 P<0.05

Placebo 19 57 → 54 49 → 47 54 → 50 15.1 → 14.5

P= NA P= NA P= NA NS

Sattar et al. 
2018 (15)

All (4 RCTs) 24 Empagliflozin 10 
or 25 mg

1,652 28.2 → 23.6 23.0 → 21.0 NA NA

P<0.0001 P<0.0001

Placebo 825 28.4 → 27.0 23.1 → 22.5 NA NA

P= NA P= NA

Sattar et al. 
2018 (15)

All (EMPA-
REG 
OUTCOME)

164 Empagliflozin 10 
or 25 mg

4,611 25.5 → 22.5 22.5 → 21.3 NA NA

P=0.004 P=0.107

Placebo 2,313 26.2 → 24.4 
P= NA

22.9 → 22.4 NA NA

P= NA

Leiter et al. 
2016 (16)

All (4 RCTs) 26 Canagliflozin  
100 mg

833 27.8 → 24.2 23.0 → 21.5 37.5 → 33.6 NA

P= NA P= NA P= NA

Canagliflozin  
300 mg

834 28.6 → 23.4 23.7 → 21.2 39.5 → 32.5 NA

P= NA P= NA P= NA

Placebo 646 27.6 → 27.4 22.9 → 23.3 38.8 → 41.8 NA

P= NA P= NA P= NA

Results are expressed as changes before → after treatment. Open non-controlled studies are not considered in this table. MRI-PDFF, 
magnetic resonance imaging-proton density fat fraction; NA, not available; NS, not significant; NAFLD, non-alcoholic fatty liver disease; 
RCTs, randomized controlled trials; ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma-glutamyl transferase.
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SGLT2 inhibitors on liver biomarkers either with placebo 
(Table 1) or with other glucose-lowering agents (Table 2). 
Two types of population were analysed, patients with not 
well controlled T2DM (but not screened for NAFLD) 
having participated to large RCTs and patients with 
T2DM specifically selected upon the presence of NAFLD 
at baseline in RCTs of smaller size. These studies used 
different complementary approaches to assess the presence 
and the severity of NAFLD (2,22). All used clinical 
chemistry, i.e., serum liver enzymes as indirect markers of 
steatosis, and some of them also added imaging techniques 
in order to assess hepatic fat content. Instead of using MRI 
data, as in the two above-described studies (13,14), CT 
scans were performed to assess the liver/spleen attenuation 
ratio as an indirect marker of NAFLD (the lower the ratio, 
the higher the degree of NAFLD). Some studies also used 
transient elastography (FibroScan®) to assess the degree of 
fibrosis in complement to the FIB4 fibrotic index derived 
from biological and clinical measurements (18). Yet only 
one pilot study used liver biopsy (23), which is considered 
as the gold standard method providing the most detailed 
pictures of NAFLD, NASH and fibrosis (2,22). This 
unique prospective open-label study based on serial liver 
biopsies demonstrated that canagliflozin improves the 
rates of hepatocyte steatosis and NAFLD activity score at 
24 weeks in all five patients together with improvement in 
histopathologic findings (23).

Compared to placebo, positive results were reported 
with empagliflozin (13,15) ,  dapagliflozin (14) and  
canagliflozin (16) (Table 1). In post-hoc analyses, some 
significant, although small, reductions in serum liver 
enzymes were already observed with SGLT2 inhibitors in 
non-selected patients with T2DM insufficiently controlled 
on baseline therapies having participated to large phase III 
RCTs (15,16). Of note, reductions were more marked in 
T2DM patients specifically selected for having NAFLD 
randomized to RCTs of smaller size (13,14). No imaging 
assessment of liver fat content was performed in these 
placebo-controlled studies, except in the two studies using 
MRI-PDFF measurement (13,14).

As compared with metformin (21), glimepiride (15,19) 
and dipeptidyl peptide-4 (DPP-4) inhibitors (16), SGLT2 
inhibitors (luseogliflozin, canagliflozin, empagliflozin) 
were associated with significant reductions in serum liver 
enzyme levels (mainly ALT), despite similar glucose control  
(Table 2). These results were confirmed in two studies 
comparing dapagliflozin with other glucose-lowering 
medications (17,18) and in a meta-analysis of RCTs 

with canagliflozin (24). When comparing the effects of 
canagliflozin versus sitagliptin or versus placebo, the overall 
differences in ALT and AST were almost similar in favour 
of the SGLT2 inhibitor (16). A similar conclusion may be 
drawn when comparing the effects of empagliflozin on ALT 
and AST changes in studies where glimepiride or placebo 
were used as controls (15) (Tables 1,2). In two studies, a 
reduction in liver fat content as assessed by a significant 
increase in liver/spleen attenuation ratio was observed with 
SGLT2 inhibitors compared with other glucose-lowering 
agents (17,21) (Table 2). In all studies, some weight loss 
and, when body composition was assessed, a reduction 
in fat mass and visceral adipose tissue were noticed in 
patients treated with SGLT2 inhibitors compared with 
those receiving other antidiabetic agents (14,17,18,20,21). 
Compared with pioglitazone, a compound that has proven 
its efficacy in reducing fat liver content in patients with 
T2DM and NAFLD (2,22), ipragliflozin exerted equally 
beneficial effects on NAFLD markers and glycemic 
control in patients with T2DM complicated by NAFLD, 
but significantly reduced body weight and abdominal fat  
area (25). To our knowledge, no RCT compared the effects 
of a SGLT2 inhibitor with those of the GLP-1 receptor 
agonist liraglutide, another compound that has proven its 
efficacy in reducing liver fat content in T2DM patients 
with NAFLD (2,15). In a large observational study using 
the database from a Canadian diabetes register, changes 
in serum levels of ALT, the most specific liver enzyme 
for NAFLD, were measured after a mean follow-up of 
4.8 months in a total of 3,667 patients with T2DM who 
had canagliflozin, dapagliflozin, liraglutide or sitagliptin 
added to their diabetes treatments (25). ALT levels were 
lower after treatment with SGLT2 inhibitors, canagliflozin  
(−4.3 U/L) and dapagliflozin (−3.5 U/L), compared to 
incretin agents, liraglutide (−2.1 U/L) and sitagliptin  
(−1.8 U/L), each greater than the control group (P<0.01 
versus no added treatment). Of note, only the SGLT2 
inhibitor treatment groups maintained a significant ALT 
reduction versus control following multivariable adjustment 
and propensity score weighting. SGLT2 inhibitors 
canagliflozin and dapagliflozin resulted in a weight and 
HbA1c-independent reduction of ALT levels compared to 
incretin agents, with a dose-response observed at higher 
baseline ALT levels (25).

The reduction in serum liver enzyme levels may appear 
rather small, yet statistically significant, when considering 
the all T2M population. However, numerous T2DM 
patients included in these studies not specifically dedicated 
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to NAFLD had normal levels at baseline. When the 
population was divided into tertiles according to baseline 
levels of ALT or AST, the reductions in serum liver enzymes 
observed with empagliflozin were consistently greater in the 
upper tertile subgroup (18). 

In addition to analyse biomarkers of NAFLD, several 
of these studies investigated the effects SGLT2 inhibitors 
on fibrosis. Using the FIB4 index, they did not show any 
significant effect compared to baseline or compared with 
other glucose-lowering agents (17,18). This apparent 
absence of effect on fibrotic process might be explained by a 
too short duration of these studies lasting 24–26 weeks only. 
Nevertheless, one study showed a significant reduction in 
FIB4 index with ipragliflozin at 24 weeks, similar to that 
observed with pioglitazone (20). 

T h e  u n d e r l y i n g  m e c h a n i s m s  r e s p o n s i b l e  f o r 
improvement of NAFLD with SGLT2 inhibitors remain 
largely unknown and presently only speculations are 
possible. In one study, canagliflozin provided improvements 
in liver function tests versus either placebo or sitagliptin 
treatments that were fully explained by the combined 
effects of glycated hemoglobin (HbA1c) and body weight 
reductions with the SGLT2 inhibitor (16). However, 
in EMPA-REG OUTCOME RCT, the proportion of 
ALT-lowering effect of empagliflozin versus placebo that 
was considered independent of concomitant changes 
from baseline in HbA1c and body weight averaged 
76.0% both after 24 and 164 weeks. In another study, 
improvement of liver dysfunction with ipragliflozin in 
patients with T2DM occurred irrespective of body weight  
reduction (9). Furthermore, in a study with MRI assessment 
of liver fat content, there was no significant correlations 
between liver fat reduction and improvement in HbA1c 
or body weight reduction (13). These observations may 
suggest the intervention of other subtle mechanisms. In this 
respect, the potential beneficial effects of SGLT2 inhibitors 
on low-grade inflammation and oxidative stress certainly 
deserve further investigations as recently discussed (7). 

In conclusion, besides pioglitazone and liraglutide, 
SGLT2 inhibitors have shown emerging positive effects 
on NAFLD in patients with T2DM. These effects occur 
largely beyond the glucose-lowering activity as they are 
more marked than those observed with sulfonylureas, DPP-
4 inhibitors or even metformin, in patients reaching almost 
similar glucose control. The underlying mechanisms remain 
to be investigated beyond the effects on glycemia and 
body weight. Anti-inflammatory effects and reduction of 
oxidative stress may play a role. If thiazolidinediones, GLP-

1 receptor agonists and SGLT2 inhibitors all can reduce 
liver fat content in patients with T2DM and NAFLD 
and if these effects occur by different and potentially 
complementary mechanisms, one may speculate that 
combined therapy may be even more effective. This remains 
to be demonstrated in dedicated clinical RCTs that should 
selectively recruit T2DM patients with severe NAFLD. 
Additionally, it remains to be proven that the improvement 
of NAFLD with these compounds will be able to avoid the 
progression to NASH and ultimately fibrosis and cirrhosis. 
Finally, it is important to note that SGLT2 inhibitors as 
any other glucose-lowering agent have not the indication of 
improving NAFLD yet and further research is mandatory 
to progress in this evolving field. 
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