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a b s t r a c t

Steatosis, a condition characterized by excessive lipid deposition. Although usually a benign condition,
steatosis mays progress to cirrhosis or hepatocellular carcinoma. Recent evidence suggests that SGLT2
inhibitors suppress the development of nonalcoholic steatohepatitis in humans, as well as in rodent
models and that SGLT2 inhibitors alleviate hepatic steatosis or steatohepatitis in obese type 2 diabetic
rats or mice. 14 Patients with nonalcoholic fatty liver disease used a fixed dose of 10 mg of dapagliflozin
for an average of 75 days. ALT, AST, GGT, insulin, HOMA-IR, and weight levels were significantly lower
after treatment. There was no significant correlation between the reduction in HOMA and the reduction
in ALT values or weight reduction obtained during treatment and ALT values.
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Steatosis, a condition characterized by excessive lipid deposi-
tion, is a widespread condition, with prevalence rates reaching
from 9% to 46% in the United States [1,2], depending on diagnostic
criteria.

After ruling out alcoholic, deposit, autoimmune or viral diseases
or drug hepatotoxicity, we can establish the diagnosis of nonalco-
holic fatty liver disease (NAFLD) [3]; the presence of inflammatory
activity is, then, referred as nonalcoholic steatohepatitis (NASH)
[4,5].

Most patients are asymptomatic, as the initial diagnosis is
usually made through incidental imaging and biochemical exams,
unraveling increased liver transaminases; the usual pattern is
alanine transaminase (ALT) higher than aspartate transaminase
(AST), as well as elevated gamma-glutamyltransferase (GGT), if
steatohepatitis is already present [5]. The progression from simple
steatosis to NASH occurs in about 40% of patients at a 6-year follow-
up [6].

Although usually a benign condition, steatosis mays progress to
cirrhosis in up to 25% of patients in twenty years [7]; it can also
progress to hepatocellular carcinoma (HCC) in up to 3% in a 21-year
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follow-up [8].
As an initial measure, weight loss ofmore than 10% is required to

achieve an improvement in histologic necroinflammatory activity
[3]. Pharmacological treatment aims for patients with necroin-
flammatory activity; despite best efforts, there is still no label-
approved drug for the treatment of NASH. Several drugs have
been tested, but the best evidence of necroinflammatory
improvement comes from vitamin E and pioglitazone [3].

Recent evidence suggests that SGLT2 inhibitors suppress the
development of NASH in humans, as well as in rodent models and
that SGLT2 inhibitors alleviate hepatic steatosis or steatohepatitis
in obese type 2 diabetic rats or mice [9e12]. Still, the use of this
class of anti-diabetic agents is limited in non-diabetic patients.

2. Methods

Data was collected from private practice records, from July 2017
to July 2019, of patients with nonalcoholic fatty liver disease
(NAFLD), who were prescribed dapagliflozin. Patients were diag-
nosed by general Abdominal ultrasound, confirming the presence
of steatosis, in the absence of other potential causes, such as
excessive alcohol intake (considering a limit of 21 drinks per week
for men and 14 drinks per week for women for a period of two
years), viral hepatitis (patients had negative hepatitis B and C
serology), autoimmune hepatitis (patients had autoantibodies -
ANF, anti LKM-1, anti smooth muscle, anti SLA and anti mito-
chondria dosages), deposit diseases (normal dosages of serum iron,
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Results of the levels measured before and after dapagliflozin (10 mg) for 75 days presented in boxplots. The upper limits, Q3, median, Q1 and lower limit of the results before
(blue) and after (red) use are presented. Results outside these limits were presented as points (outliers). (For interpretation of the references to colour in this figure legend, the
reader is referred to the Web version of this article.)
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ferritin, copper and ceruloplasmin).
After excluding other causes of hepatic steatosis, we also

excluded from our analysis patients with type 2 diabetes mellitus,
using the American Diabetes Association [13] diagnostic criteria;
patients with altered fasting blood glucose (100 mg/dL to 125 mg/
dL or 5.7%e6.4% glycated hemoglobin) would repeated the exams
and an oral glucose tolerance test was performed to rule out
diabetes.

Patients who had used medications with potential to improve
steatohepatitis in the last 6 months, such as vitamin E, metformin,
pioglitazone, silymarin or GLP-1 analogs, were also excluded from
the analysis.

After applying the inclusion and exclusion criteria, of the 48
initial medical records, 14 were eligible for analysis. Comparisons
were performed by paired Student’s t-test (considering a ¼ 0.05) of
the levels of ALT, AST, GGT, glucose, weight and BMI, insulin and
HOMA-IR, before and after dapagliflozin. The Pearson test was
performed to evaluate the correlation of GPT and HOMA-IR varia-
tion with weight, once these factors are known to have a positive
impact on the inflammatory profile of steatosis. The t-test (Paired T-
Test) calculations were performed by PRISM8 and Pearson by
socscistatistics.com.

The patients used a fixed dose of 10 mg of dapagliflozin for an
average of 75 days (60e90 days). The sample consisted of 10 men
and 4 women with a mean age of 41 years (21e64). 7 patients had
hypertension, 2 had dyslipidemia, 1 had asthma and 1 had anxiety
disorder.
3. Results

The results of ALT, AST, GGT, glucose, insulin and HOMA-IR levels
before and after dapagliflozin (10 mg) for 75 days are shown in
Fig. 1.

ALT (P < 0.0001), AST (P ¼ 0.0006), GGT (P ¼ 0.0009), insulin
(P¼ 0.0004), HOMA-IR (P¼ 0.0005), andweight (P¼ 0.0001) levels
were significantly lower after treatment. The mean ALT for pre-
treatment patients was 62.29 U/L and after, there was a mean
reduction to 36.71 U/L. The reduction was from 18.95 to 32.2 U/L
(95% CI). The mean AST for pre-treatment patients was 37 U/L and
after treatment, there was a mean reduction to 24.64 U/L. The
reductionwas from 6.4 to 18.31 U/L (95% CI). The average GGTof the
pre-treatment patients was 68.5 U/L and after there was a mean
reduction to 44.71 U/L. The reduction was from 11.7 to 35.87 U/L
(95% CI). The average insulin of the pre-treatment patients was
21.08 mU/L and after there was a mean reduction to 13.79 mU/L.
The reduction was from 3.92 to 10.66 mU/L (95% CI). The mean
HOMA-IR of the pre-treatment patients was 5.21 and after there
was a mean reduction to 3.27 U/L. The reduction was from 1.03 to
2.84 U/L (95% CI). The average weight of the pre-treatment patients
was 98.6 kg and after there was a mean reduction to 93.3 kg. The
reduction was from 2.53 to 5.89 kg (95% CI). The blood glucose was
the only parameter that was unchanged after dapagliflozin use, the
average of pre-treatment patients was 100.79 mg/dL and after
treatment 95.5 mg/dL being this non-significant reduction
(P ¼ 0.075).

Regarding possible confounding factors, therewas no significant
correlation between the reduction in HOMA and the reduction in
ALT values (P ¼ 0.63); similarly, no correlation was found between
weight reduction obtained during treatment and ALT values
(P ¼ 0.99).
4. Discussion

Different clinical trials performed in patients with T2DM [14]
found a reduction in AST and ALT levels with administration of
empagliflozin 10 or 25 mg \ day. The reduction was more pro-
nounced in patients with elevated liver transaminases levels before
use. The authors concluded that such reductions occurred inde-
pendently of weight and glycemic values, similar to the results
obtained in this study. The non-correlation between ALT
improvement with weight reduction and HOMA-IR improvement
also found in this study indicates a possible direct effect of dapa-
gliflozin on the inflammatory profile of steatosis, refuting an indi-
rect effect of weight reduction.

A clinical trial [15] using dapagliflozin in T2DM patients reduced
levels of liver injury biomarkers, including ALT, AST, and GGT;
combining carboxylic acids (OM-3CA) with dapagliflozin resulted
in a significant reduction in fat content in the liver.

Lundkvist et al., 2016 compared the use of dapagliflozin and
placebo for 24 weeks in non-diabetic obese patients and found
significant differences between groups in weight and systolic
pressure, with good tolerability by the patients. Similarly [16],

http://socscistatistics.com


L. Ribeiro dos Santos, R. Baer Filho / Metabolism Open 5 (2020) 100028 3
reported a case in a non-diabetic patient who over 13 weeks
administering 300 mg canagliflozin once daily achieved reduction:
3.2 kgweight body, visceral fat in 1.5%, waist circumference in 5 cm,
uric acid level to 63.01% and a slight increase in bone mineral
density.

Moreover, a RCT [17] evaluated 335 patients receiving canagli-
flozin and phentermine (300 mg and 15 mg respectively), cana-
gliflozin (300 mg) and placebo in overweight and obese non-
diabetic subjects for 26 weeks. The medication was well tolerated
with a low incidence of discontinuation due to adverse events
(mainly caused by fungal infections). All this data reassures the
safety of this class of antidiabetic agents, in non-diabetic patients,
as well as efficacy in weight loss, another important target in
NAFLD.
5. Conclusion

To our extent of knowledge, this is the first report of the po-
tential efficacy of an SGLT-2 inhibitor in the context of NAFLD in
patients without diabetes mellitus. Our results were similar to
previous results in diabetic patients, showing a significant drop in
the ALT levels (a classic inflammation marker in NASH), that ap-
pears to be unrelated to weight loss or insulin sensitivity
improvement. Our main limitations were the low number of pa-
tients and the lack of a control group, but still, this should serve as
background for future randomized clinical trials.
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