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ABSTRACT

Introduction: Despite the high prevalence of
non-alcoholic fatty liver disease (NAFLD) and
its associated co-morbidities, no efficient treat-
ment in a high percentage of individuals is
available. Beneficial effects of sodium–glucose
co-transporter 2 inhibitors on fatty liver have
been investigated in people with type 2 diabetes
(T2DM). The aim of this study was to explore

the effect of empagliflozin on liver steatosis and
fibrosis in patients with NAFLD without T2DM.
Methods: In this prospective randomized,
double-blind, placebo-controlled clinical trial,
participants with NAFLD were randomized to
empagliflozin (10 mg/day) (n = 43) or placebo
(n = 47) for 24 weeks. Hepatic steatosis and
fibrosis were assessed using transient elastogra-
phy to measure the controlled attenuation
parameter (CAP) and liver stiffness measure-
ment (LSM). The primary outcome was the
change in CAP score at 24 weeks.
Results: There was significant decrease in CAP
score in both groups but no significant differ-
ence was observed between the two groups
(P = 0.396). LSM was significantly decreased in
the empagliflozin-treated group (6.03 ± 1.40 to
5.33 ± 1.08 kPa; P = 0.001), while no change
was found in the placebo group. In subgroups
analysis of patients with significant steatosis at
baseline (CAP C 302 dB/m), steatosis signifi-
cantly improved in the empagliflozin group
(37.2% vs. 17%; P = 0.035). There was a signif-
icant decrease in the grade of liver fat on visual
analysis of ultrasound images, AST, ALT, and
fasting insulin levels in the empagliflozin
group, while no changes were observed in the
placebo group.
Conclusions: Empagliflozin improves liver
steatosis and, more importantly, measures of
liver fibrosis in patients with NAFLD without
T2DM.
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Key Summary Points

Despite the high prevalence of non-
alcoholic fatty liver disease (NAFLD), and
its associated co-morbidities, effective
treatment is not yet available.

The aim of present study was to explore
the effects of empagliflozin on liver
steatosis and fibrosis in patients with
NAFLD in the absence of type 2 diabetes
(T2DM).

Empagliflozin reduces ALT and AST levels.

Empagliflozin improves liver steatosis and,
more importantly, measures of liver
fibrosis in patients with NAFLD without
T2DM.

Improvement in hepatic steatosis was
greatest in patients with significant
steatosis at baseline (CAP C 302 dB/m).

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12907526.

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a
wide spectrum progressive disease and can
progress to hepatic cirrhosis and in some indi-
viduals to hepatocellular carcinoma [1]. The
prevalence of NAFLD is increasing worldwide,
and its prevalence among Iranian adults is
about 12.5% [2]. NAFLD is also considered as an

independent risk factor for cardiovascular
events and reduced life expectancy [3]. Con-
sidering the prevalence of NAFLD and its asso-
ciated co-morbidities [4], early and appropriate
prevention programs and treatment interven-
tions are needed. Although various therapeutic
interventions have been reported in recent
years, other than sustained weight loss, there
are currently no proven therapeutic formats [5].

Sodium–glucose co-transporter 2 (SGLT2)
inhibitors increase urinary glucose excretion
and lead to a decrease in the blood glucose and
insulin levels [5, 6]. Their use is associated with
a significant increase in fatty acid (FA) mobi-
lization from adipose tissues and FA uptake and
b-oxidation in the liver [7]. The beneficial
effects of empagliflozin and other SGLT2 inhi-
bitors on liver fat content in patients with
T2DM and NAFLD has been reported [8, 9].

To the best of our knowledge, no study has
been reported on the effect of SGLT2 inhibitors
on hepatic fat content in patients with NAFLD
who do not have T2DM. Hence, the aim of
present study was to explore the effects of
empagliflozin on liver steatosis and fibrosis in
patients with NAFLD in the absence of T2DM.
The selection of this group of patients with
NAFLD in the present study was based on the
premise that a host of metabolic and other
confounding factors that can alter the response
of the fatty liver disease to any proposed treat-
ment would be greatly decreased in the absence
of concomitant T2DM.

METHODS

Study Design and Participants

This was a prospective, randomized, double-
blind, placebo-controlled, clinical trial that
included patients with NAFLD but without
T2DM. The trial was conducted in accordance
with the principles of the Declaration of Hel-
sinki and was approved by the Ethics Commit-
tee of Iran University of Medical Sciences (ethics
code IR.IUMS.FMD.REC.1398.464). This trial
was registered with ClinicalTrials.gov, number
IRCT20190122042450N1. All the participants
provided written informed consent before study
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entry. The role of Abidi Pharmaceuticals was
limited to supply of the medicines, empagli-
flozin and placebo. Data management was per-
formed by the Institute of Endocrinology and
Metabolism monitoring committee that was
blinded to the study arms.

We screened individuals aged 20–65 years,
who had NAFLD, on the basis of evidence of
hepatic steatosis in previous ultrasound imag-
ing or liver function test. T2DM was excluded
on the basis of a fasting plasma glucose (FPG)
level C 126 mg/dL (7.0 mmol/L) or a hemoglo-
bin A1c (HbA1c) level C 6.5% (48 mmol/mol)
[10]. Other exclusion criteria were as follows:
alcohol consumption greater than 20 g per day
in women or greater than 30 g in men for at
least three consecutive months over the past
5 years; history of acute or chronic liver, biliary,
or cirrhotic diseases; heart failure (NYHA
class 2–4); renal failure (eGFR\ 45 mL/min/
1.73 m2); taking medications associated with
fatty liver such as NSAIDs, amiodarone,
tamoxifen, sodium valproate, corticosteroids,
methotrexate; using supplements including
vitamin E, vitamin C, zinc, and selenium or
antioxidant agents over the last 3 months; his-
tory of cardiovascular events within the past
3 months; pregnancy or breastfeeding; active
cancer or history of cancer treatment over the
past 2 years; untreated thyroid disorder; and
BMI[40 kg/m2.

Para-Clinical and Imaging Investigations

Ultrasound was performed in all participants
using MyLab (EsaoteTM Class C with linear
probe 7/5–12 MHz). Fibroscan of the liver was
performed by FibroScan� 502 Touch equipped
with both M and XL probes. Controlled atten-
uation parameter (CAP) and liver stiffness
measurement (LSM) were determined [11]. Par-
ticipants with CAP score greater than 238 dB/m
were enrolled in the study. Grade 1 steatosis
(S1) was defined as CAP between 238 dB/m and
259 dB/m. CAP score between 260 dB/m and
291 dB/m was considered as S2, and 292 dB/m
or higher was defined as S3 [12, 13]. In addition,
recent cutoff values were also considered:
302 dB/m, 331 dB/m, and 337 dB/m, for S1, S2,

and S3, respectively [11]. Liver fibrosis was also
determined. In addition, dual energy x-ray
absorptiometry (Hologic Discovery DXA sys-
tem) was performed for all of the participants.
Full-body DXA in supine position was per-
formed for analysis of lean and fat masses:
android fat ratio (AFR) and skeletal muscle
index (SMI). We used fat-free mass in the upper
and lower extremities (kilograms) divided by
height squared (meters squared), and the
appendicular lean mass (ALM) (grams) divided
by total body weight (grams) to calculate the
SMI [14, 15].

Lipid profile, fasting blood glucose, liver
functional tests, serum creatinine (Pars bio-
chemical kits using photometric method),
HbA1c (Sebia using capillary method), fasting
insulin (Monobind kit, code 5825-300, immu-
noenzymometric assay ‘‘IEMA’’ method), hep-
atitis viral markers (hepatitis B via SURASE B-96
kit and hepatitis C via NANBASE C 96 Kit), ANA
(EuroIMMUN Kit using immunofluorescence
method), thyroid function test (ELISA mea-
surement kit by Pishtaz Medical Company), and
complete blood count (Sysmex cell counter
device using electric resistance–light scattering
method) were measured at baseline. The NAFLD
fibrosis risk score, FIB-4 (fibrosis 4), APRI (as-
partate aminotransferase to platelet ratio index)
[16], and insulin resistant state (HOMA2-IR)
were also calculated. The HOMA2-IR index was
obtained by the program HOMA Calculator
[17]. It should be noted that all measurements
including FibroScan, ultrasound, DXA, and the
biochemical tests were performed in one medi-
cal center by the same physicians who were
blinded to the study.

Randomization and Follow-Up

Eligible subjects were randomly assigned in the
two study arms using a block randomization
method with block size of 4. Empagliflozin and
placebo were quite similar with identical size,
shape, color, and packaging. Participants,
researcher, and all persons who collected or
analyzed the data were blinded to the study
arms. Informed consent was obtained from all
participants. Patients in the empagliflozin
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group received 10 mg empagliflozin daily for
24 weeks, and participants in the placebo group
received placebo tablets for the same period of
time. Patients who did not take at least 80% of
the tablets during the study were excluded.
Participants were encouraged to perform mod-
erate intensity physical activity in the form of
3–6 times the metabolic equivalent task (METs)
for more than three times a week, and they were
encouraged to follow the recommendation at
least 45 min without interruption during the
study period. Participants were given standard
dietary advice as well.

Follow-up included monthly phone calls to
assess adherence and possible adverse events
including occurrence of genital and urinary
tract infections, hypoglycemia, and drug intol-
erance. All patients had an in-clinic visit
3 months after enrollment. In addition, physi-
cal activity was assessed using International
Physical Activity Questionnaire (IPAQ) long
form [18] at months 0, 3, and 6. A 3-day food
frequency questionnaire was used to assess diet
regimen at the same intervals. Transient elas-
tography, DXA, and ultrasound images were
repeated at 6 months (study end), with the
same device and method and by the same
physician.

Outcomes

The primary endpoint was the change in CAP
from baseline to 24 weeks of treatment. The key
secondary endpoint was the change in LS from
baseline to 24 weeks of treatment; other sec-
ondary endpoints were the changes in liver
enzymes (AST, ALT), fasting insulin, HOMA2,
grade of fatty liver by ultrasound, visceral adi-
pose tissue (VAT), and other DXA parameters,
and various laboratory scores for hepatic
fibrosis.

Statistical Analysis

Comparison of discrete covariates between the
groups, and the before/after measurements were
done using the chi-squared test. For continuous
variables, paired t test was used to compare
before/after measurements. Independent t test

was used to compare continuous variables be-
tween the groups. Finally, the linear regression
models were fitted to assess the effects of the
covariates on the outcomes. All P values pre-
sented are two-tailed, and differences were
considered statistically significant at P\ 0.05.

We calculated that a sample of 86 patients is
required to detect a difference of 25 dB/m (SD
30 dB/m) in CAP score, with 90% power at a
significance level of 0.01 [19, 20]. Considering a
15% dropout rate, 100 participants were enrol-
led in the trial.

RESULTS

A total of 282 individuals were screened for the
inclusion/exclusion criteria. One hundred par-
ticipants who met the eligibility criteria were
randomized to receive empagliflozin (n = 50) or
placebo (n = 50). Finally, 43 individuals in the
empagliflozin group and 47 in the placebo
group completed the trial. The following anal-
ysis is based on individuals who completed the
trial.

Characteristics of Study Participants

At baseline, the two groups did not differ
regarding demographic and anthropometric
characteristics (Table 1). Moreover, calorie
intake, physical activity, and biochemical indi-
ces were comparable between the two groups at
baseline, and there were no significant changes
in calorie intake and physical activity within
each group and between the groups during the
study.

In the empagliflozin group, weight, BMI, and
waist circumference all decreased significantly
at the end of the trial (P = 0.003, 0.002 and
0.001, respectively), while no changes were
observed in the placebo group.

After 24 weeks, there was a significant
decrease in AST and ALT levels in the empagli-
flozin group, while no significant changes were
observed in the placebo group.

By the end of trial, there was a significant
decrease in fasting insulin levels in the empa-
gliflozin group: 16.2 (7.4) mIU/L to 14.3 (4.8)
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mIU/L (P = 0.045); no significant change was
observed in the placebo group (Table 1).

Imaging Assessment of NAFLD

CAP score was comparable between the two
groups at baseline (306.5 ± 24.0 dB/m in the
empagliflozin group vs. 304.6 ± 27.2 dB/m in
the placebo group, P = 0.734). There was a sig-
nificant decrease in CAP score in both groups;
however, no significant difference was observed
between the two groups (P = 0.396). No signif-
icant association was found between changes in
CAP and gender, age, BMI, waist circumference,
physical activity, and calorie intake. We then
performed subgroups analysis in 44 patients (23

patients in the empagliflozin group and 21 in
the placebo group) who had significant steatosis
at baseline (defined as CAP C 302 dB/m); the
percentage of patients with improved steatosis
was significantly greater in the empagliflozin
group (37.2% vs. 17%, P = 0.035).

LSM was significantly decreased after
24 weeks in the empagliflozin group
(6.03 ± 1.40 kPa to 5.33 ± 1.08 kPa, P = 0.001),
while the slight decrease in the placebo group
was not significant (5.56 ± 1.05 kPa to
5.35 ± 0.96 kPa, P = 0.139). We found no sig-
nificant association between changes in LSM
and gender, age, BMI, waist circumference,
physical activity, and calorie intake. Between
the two groups, the difference in fibrosis score

Table 1 Characteristics of the study participants

Empagliflozin (n = 43) Placebo (n = 47) P value1

Enrollment EOT* P value Enrollment EOT P value

Age (years) 43.8 (9.7) 44.1 (9.3) 0.875

Sex (male) 28 (65.1%) 22 (46.8%) 0.081

Weight (kg) 86.5 (12.2) 84.9 (13.7) 0.003 85.3 (12.9) 85.9 (13.3) 0.253 0.003

BMI (kg/m2) 30.5 (2.3) 29.9 (2.8) 0.002 30.7 (3.5) 30.9 (3.8) 0.201 0.001

WC (cm) 104.9 (6.5) 102.3 (8.3) 0.001 106.0 (9.0) 104.7 (10.6) 0.070 0.181

WHR 0.975 (0.045) 0.971 (0.049) 0.363 0.971 (0.053) 0.960 (0.057) 0.061 0.393

Statin use (yes) 5 (11.6%) 6 (12.8%) 0.869

FBS (mg/dl) 94.0 (9.2) 96.5 (10.0) 0.160 91.4 (7.8) 95.3 (10.7) 0.023 0.543

ALT (Ut/l) 39.1 (23.6) 32.3 (18.2) 0.007 33.4 (20.7) 31.8 (20.0) 0.545 0.151

AST (Ut/l) 25.8 (10.2) 22.4 (7.3) 0.004 24.8 (9.3) 23.6 (9.3) 0.385 0.204

Fasting insulin (mIU/

L)

16.2 (7.4) 14.3 (4.8) 0.045 15.5 (8.5) 15.6 (8.8) 0.973 0.182

HOMA2-IR 2.08 (0.91) 1.86 (0.62) 0.067 1.99 (1.07) 2.00 (1.07) 0.901 0.183

Calorie intake

(kcal/day)

2087.8 (477.4) 2085.4 (541.5) 0.952 1949 (462.6) 1950 (439.9) 0.977 0.949

Physical activity

MET-min/week

2859.6

(3387.5)

2224.7

(2266.1)

0.149 2883.7

(2747.3)

2372.0

(1549.6)

0.199 0.833

Data are the mean ± SD for normally distributed parameters or n (%)
BMI body mass index, WC waist circumference, WHR waist to hip ratio, FBS fasting blood sugar, ALT alanine
transaminase, AST aspartate aminotransferase, EOT end of trial
? P value for difference between two groups

Adv Ther (2020) 37:4697–4708 4701



was significantly greater in the empagliflozin
group (P = 0.039).

After 24 weeks, there was a significant
decrease in grade of fatty liver on visual analysis
and grading of ultrasound images (done
blindly). In the empagliflozin group 44.2% had
grade 2 fatty liver at baseline, while it decreased
to 18.6% at the end of trial; P = 0.001. In total,
by the end of study, 9.3% of individuals in the
empagliflozin group no longer had fatty liver,
while no change was observed in the placebo
group (Table 2).

Non-Invasive Scoring Systems

There were no significant changes in either
group in the calculated non-invasive parameters
examined including the NAFLD fibrosis score,
FIB-4 index, and APRI (Table 3).

Body Composition

After 24 weeks, there was a significant increase
in truncal fat mass area in the placebo group,
while it increased somewhat but non-signifi-
cantly in the empagliflozin group, with the
increase in truncal fat mass being significantly
higher in the placebo group (P = 0.013)
(Table 4). There was no significant difference
between two groups regarding changes in the
VAT content (P = 0.251), although VAT
increased significantly in the placebo group.

There was a significant decrease in skeletal
mass index (corrected for height), SMI, which is
equal to appendicular lean mass (ALM) nor-
malized against square of height (ALM/Ht2).
Given that the height was constant throughout
the study, this finding shows that ALM signifi-
cantly decreased in both groups, while the
changes were not significant between two
groups (P = 0.091).

Table 2 Imaging assessment of NAFLD

Empagliflozin (n§) Placebo (n§) P value1

Enrollment EOT P value Enrollment EOT P value

CAP score 306.5 (24.0) 277.7 (31.9) 0.001 304.6 (27.2) 281.2 (34.7) 0.001 0.396

S1[ 302 dB/m (%) 41.9 16.3 0.010 29.8 23.4 0.001 0.035

S2[ 331 dB/m (%) 0 0 2.1 0

S3[ 337 dB/m (%) 11.6 0 12.8 4.3

S C S1 53.5 16.3 44.7 27.7

LSM, kPa 6.03 (1.40) 5.33 (1.08) 0.001 5.56 (1.05) 5.35 (0.96) 0.139 0.039

Fatty liver grade* 0.001 0.191 0.144

Grade 1 (%) 53.5 67.4 42.6 46.8

Grade 2 (%) 44.2 18.6 46.8 51.1

Grade 3 (%) 2.3 4.7 10.6 2.3

Grade C 1 (%) 100 90.7 100 100

EOT end of trial, CAP controlled attenuation parameter, LSM liver stiffness measurement
§ The number of participants for calculation of CAP score mean, LSM, and grade of fatty liver was 43 and 47 in the
empagliflozin and placebo groups, respectively. We did a subgroup analysis in participants based on CAP C 302. In this
analysis the number of participants in the empagliflozin group was 23, and that in the placebo group was 21
? P value for difference between two groups
*Fatty liver grading by ultrasound
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Furthermore, we found a significant decrease
in SMI per weight (ALM/Wt) in both groups,
with no significant difference between two
groups (P = 0.679).

There were no changes in the android/gy-
noid (A/G) ratio and AFR in either group
(Table 4).

Adverse Events

No major adverse event was reported. Mild
fungal vaginal infections were reported in two
participants in the empagliflozin group and
three participants in the placebo group. Mild

allergic reactions were reported in one partici-
pant in each group. The conditions subsided
after receiving appropriate local treatment.

DISCUSSION

NAFLD is currently the second leading cause of
liver transplantation in the USA [21]. Despite
this, there is no effective treatment available
yet.

We investigated the effect of empagliflozin
by measuring CAP, a new quantitative index of
hepatic steatosis [11, 12]. Recent studies have

Table 3 Non-invasive scoring systems in assessment of NAFLD

Empagliflozin (n = 43) Placebo (n = 47) P value1

Enrollment EOT P value Enrollment EOT P value

NAFLD fibrosis scorea - 2.92

(1.03)

- 2.98

(1.08)

0.694 - 2.84 (1.37) - 2.92

(1.19)

0.418 0.874

Low risk:\-1.455 (%) 93.0 93.0 1.000 87.2 93.6 0.311 0.516

Intermediate risk (%):

-1.455 to 0.675

7.0 7.0 12.8 6.4

High risk:[ 0.675 (%) 0.0 0.0 0.0 0.0

FIB-4 indexb 0.775

(0.307)

0.775

(0.293)

0.994 0.826 (0.393) 0.833

(0.464)

0.809 0.853

Low risk:\ 1.3 (%) 90.7 95.3 0.241 91.5 89.4 0.624 0.386

Intermediate risk: 1.3–2.67

(%)

9.3 4.7 8.5 10.6

High risk:[ 2.67 (%) 0.0 0.0 0.0 0.0

APRIc 0.309

(0.155)

0.284

(0.139)

0.062 0.302 (0.147) 0.301

(0.157)

0.918 0.304

Low risk:\ 0.5 (%) 88.4 93.0 0.283 91.5 89.4 0.714 0.439

Intermediate risk: 0.5–1.5

(%)

11.6 7.0 8.5 10.6

High risk:[ 1.5 (%) 0.0 0.0 0.0 0.0

EOT end of trial
a NAFLD fibrosis score formula: - 1.675 ? 0.037 9 age [years] ? 0.094 9 BMI [kg/m2] ? 1.13 9 hyper-
glycemia/diabetes [yes = 1, no = 0] ? 0.99 9 AST/ALT ratio - 0.013 9 platelet [109/L] - 0.66 9 albumin [g/dL]
b FIB-4 formula: (Age [years] 9 AST [U/L])/ (platelet [109/L] 9 HALT [U/L])
c APRI formula: ((AST/AST upper limit of normal)/platelet [109/L]) 9 100
? P value for difference between two groups

Adv Ther (2020) 37:4697–4708 4703



shown that CAP is significantly correlated with
both the percentage of steatosis and the grade of
steatosis compared to liver biopsy used as the
gold standard [11, 12]. Considering conven-
tional cut points for the CAP score ([238 dB/
m), there was no significant difference between
the two groups. However, using the new defi-
nition criteria for detection of steatosis by
transient elastography [11], CAP[302 dB/m, a
significant decrease in the percentage of indi-
viduals with steatosis in the empagliflozin-
treated group was observed. This finding sug-
gests that CAP scores with strict criteria could be
used to detect any significant changes in the

measured outcomes. The E-LIFT Trial used MRI-
PDFF for liver fat estimation [9]. That study
showed that an absolute liver fat reduction by
4.1% correlated with improved histological
steatosis and ballooning degeneration in
patients with NAFLD. However, the technique
is expensive and time-consuming for imple-
mentation in clinical practice [22]. Another
recent study showed that luseogliflozin (an-
other SGLT2 inhibitor) significantly reduced
liver fat in patients with T2DM and NAFLD;
however, the liver-to-spleen attenuation ratio
was used to estimate liver fat and this method

Table 4 Body composition assessment

Empagliflozin (n = 43) Placebo (n = 47) P value1

Enrollment EOT P value Enrollment EOT* P value

Truncal fat mass 15,627.9

(2788.4)

16,139.1

(3527.5)

0.069 16,088.0

(3658.3)

17,481.9

(3900.3)

0.001 0.013

VAT area 168.6 (44.8) 172.7 (50.0) 0.322 165.2 (40.6) 175.2 (44.0) 0.022 0.251

SMI (ALM/height2) 8.15 (1.25) 7.61 (1.27) 0.001 7.77 (1.19) 7.39 (1.06) 0.001 0.091

Low: men\ 7,

women\ 5.4 (%)

0.0 2.3 1.000 6.4 4.3 0.724 0.315

High: men C 7,

women C 5.4 (%)

100.0 97.7 93.6 95.7

SMI (ALM/weight)a 26.7 (3.6) 25.5 (3.8) 0.001 25.5 (4.0) 24.1 (3.8) 0.001 0.679

Low: men B 29,

women B 25 (%)

62.8 83.7 0.007 70.2 95.7 0.084 0.249

High: men[ 29,

women[ 25 (%)

37.2 16.3 29.8 4.3

A/G ratiob 0.65 (0.15) 0.65 (0.15) 0.462 0.61 (0.13) 0.60 (0.12) 0.158 0.776

AFRc 0.095 (0.015) 0.095 (0.015) 0.903 0.092 (0.013) 0.092 (0.012) 0.783 0.901

Tertile 1: (0–0.09) (%) 34.9 34.9 0.214 59.6 53.2 0.071 0.179

Tertile 2: (0.09–0.1) (%) 25.6 18.6 10.6 25.5

Tertile 3: (0.1–1.0) (%) 39.5 46.5 29.8 21.3

AFR android fat ratio, EOT end of trial, VAT visceral adipose tissue, SMI skeletal muscle mass index
a SMI is calculated as ALM/weight 9 100, where ALM (appendicular lean mass) is arms lean mass ? legs lean mass
b Ratio of android (kg) divided by gynoid (kg)
c Android fat mass/total fat mass
? P value for difference between two groups
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may not be as accurate as needed for quantita-
tion of liver fat content [23].

In our study, no significant association was
found between changes in CAP and BMI. Simi-
larly, in another study using dapagliflozin, no
significant correlation was found between the
change in CAP and the changes in body weight,
suggesting that dapagliflozin treatment
improved liver dysfunction and steatosis by a
mechanism unrelated to reduction body weight
[20]. In keeping with this, a study from Japan
demonstrated that reduction in fatty liver index
after ipragliflozin treatment did not correlate
with body weight reduction [24]. Possible
explanations include the fact that SGLT2 inhi-
bitors decrease de novo lipogenesis in the liver
as a result of decreased insulin and glucose
levels, and stimulate hepatic b-oxidation of
fatty acids [8].

We also showed a significant decrease in AST
and ALT in the empagliflozin group. This find-
ing was also demonstrated by others that found
a statistically significant decrease in serum ALT
levels after ipragliflozin and canagliflozin treat-
ment [24, 25]. Therefore, it seems that the
beneficial effect of SGLT2 inhibitors on liver
enzymes is independent of glycemia status in
NAFLD. However, liver enzymes are surrogate
indices and do not necessarily predict liver his-
tology response, and elevated liver enzymes do
not correlate with grades of NAFLD in histology
[26, 27]. Hence, reduction and/or normalization
of liver enzymes after an intervention do not
predict improvement in liver histology [26, 27].
It should be noted that it is hepatic fibrosis that
determines the natural course of NAFLD [28].
There are no readily available imaging tech-
niques or biomarkers that can effectively
replace the use of biopsy in the assessment of
the hallmarks of NAFLD, hepatocyte balloon-
ing, and fibrosis, and few studies have used liver
biopsy to monitor the efficacy of SGLT2 inhi-
bitors on progression or regression of NAFLD
[21]. Lai et al. reported improvements in histo-
logical outcomes (steatosis, fibrosis, and hepa-
tocyte ballooning) in 44% of patients treated
with empagliflozin as measured by paired
biopsy samples in a single-arm, open-label study
[29].

In our study, we used a less invasive proce-
dure to evaluate liver fibrosis; measurement of
LSM by transient elastography was reported to
be a suitable and non-invasive method of reli-
ably estimating the severity of liver fibrosis [30].
In current study, LSM was significantly
decreased after 24 weeks in the empagliflozin
group (P = 0.039). In another study, LSM
decreased in individuals with T2DM that were
treated with dapagliflozin, although the chan-
ges were not significant [20]. The mechanisms
contributing to reduction of hepatic fibrosis by
empagliflozin remain unclear. One possible
explanation for its antifibrotic effect is that
empagliflozin inhibits the hepatic expression of
proinflammatory cytokines such as interleukin-
6 (IL-6), tumor necrosis factor alpha (TNFa), and
monocyte chemoattractant protein 1 (MCP-1),
which are the hallmarks of NAFLD [31]. Thus,
inhibition of inflammation in the liver may
contribute to inhibition of hepatic fibrosis in
patients with NAFLD treated with
empagliflozin.

Using the FIB-4 index, a validated marker of
liver fibrosis, several studies found no signifi-
cant effects compared with baseline or use of
other glucose-lowering agents [20, 32–34].
Nevertheless, two studies demonstrated a sig-
nificant reduction in FIB-4 index with SGLT2
inhibitor [35, 36]. In our study there were no
significant changes in non-invasive parameters
according to the NAFLD fibrosis score, FIB-4
index, and APRI. The reasons for these discrep-
ancies are uncertain, although the patients’
clinical characteristics and durations of follow-
up may have varied among the studies.

We also showed a significant decrease in
fasting insulin level in the empagliflozin group,
while no changes were observed in the placebo
group. Decrease in insulin and glucose levels is
reported with SGLT2i inhibitors and may have
led to a decrease in synthesis of fatty acid in the
liver [8]. However, we found no significant
changes in insulin resistance state in either
group as estimated by the HOMA2 index. Shi-
mizu et al. showed that dapagliflozin compared
with placebo significantly decreased insulin
resistance in patients with T2DM and NAFLD
[20]. In another study diabetic patients with
NAFLD treated with pioglitazone and
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ipragliflozin, insulin resistance significantly
decreased in the pioglitazone group, while no
changes were observed in the ipragliflozin
group and there was no significant difference
between the two groups [35].

We also determined the body composition
using DXA. This method is capable of measuring
the lean mass, focusing only on the limbs, and
SMI which is based on the lean mass of the
extremities could be a good indicator for the
estimation of true skeletal muscle mass. We
found a significant decrease in SMI calculated
either as ALM/Ht2 or ALM/Wt. A similar reduc-
tion for total lean mass was obtained by DXA in
another study using SGLT2i therapy [37]. On the
other hand, BMI and weight reduction were sig-
nificantly greater in our empagliflozin group. So,
it can be hypothesized that decrements in SMI
and the loss of skeletal muscle may be caused
protein catabolism secondary to calorie loss
through glycosuria [37]. There is the possibility
that the reduction of lean muscle mass may lead
to sarcopenia, especially in elderly patients [37].
Interestingly, body composition analyses from
previous study indicated that approximately
two-thirds of SGLT2 inhibitor-associated weight
loss can be attributed to the loss of fat mass and
one-third to loss of lean mass [38]. In contrast,
another study on the effect of ipragliflozin on
NAFLD showed that skeletalmusclemasswasnot
reduced significantly, although there was a sig-
nificant reduction in body fat mass [39].

To the best of our knowledge, this is the first
study that has explored the effect of empagli-
flozin on liver steatosis and fibrosis in patients
with NAFLD in the absence of T2DM. However,
there were some limitations; we did not perform
liver biopsy as the gold standard method to
evaluate the status of NAFLD. In addition, at the
time when our study was initiated, conven-
tional CAP cutoffs were used to include eligible
participants; however, recent biopsy-based
comparative studies introduced higher cutoffs
for steatosis detected by transient elastography.

CONCLUSION

This was the first study to investigate the effects
of empagliflozin on hepatic steatosis and fibrosis

in patients with NAFLD without T2DM. We
demonstrated that empagliflozin improves both
steatosis and fibrosis in these patients. Empagli-
flozin might be an effective treatment of indi-
viduals with NAFLD who do not have T2DM.
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