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Background: Non-alcoholic fatty liver disease (NAFLD) represents a major public health challenge worldwide. It
affects more than half of the patients with type 2 diabetes mellitus (T2D). It may progress to non-alcoholic
steatohepatitis, cirrhosis, and carcinoma. The sodium glucose co-transporter 2 inhibitors (SGLT2 inhibitors) may
improve hepatic steatosis. We aimed to estimate the effect of empagliflozin or dapagliflozin versus conventional
treatment on fatty liver status in patients with concomitant T2D and NAFLD over 24 weeks.

Results: We found a significant improvement of the fatty liver index (FLI) with a significant reduction of the
bodyweight, body mass index, waist circumference, ALT, AST, GGT, AST to ALT ratio, lipid profile, and lipid profile
ratios in both SGLT2 inhibitors groups versus the conventional treatment group. Post hoc analysis revealed no
statistically significant difference between the SGLT2 inhibitors groups (dapagliflozin versus empagliflozin).

Conclusion: SGLT2 inhibitors, empagliflozin and dapagliflozin, exert a beneficial effect on the fatty liver index of

Background

Non-alcoholic fatty liver disease (NAFLD) is the most
prevalent chronic liver disease with an estimated preva-
lence of 25% worldwide; it affects more than 50% of
patients with type 2 diabetes mellitus (T2D) [1]. NAFLD
comprises a wide spectrum from steatosis to non-
alcoholic steatohepatitis (NASH), fibrosis, and carcinoma
[2]. Increase in fat stored as triglycerides in the liver may
increase ALT and AST [3]. NAFLD is the hepatic mani-
festation of metabolic syndrome and is strongly linked to
obesity, dyslipidaemia, and insulin resistance [4]. Gender,
age, ethnicity, obesity, and T2D are risk factors for NAFL
D [5]. The NAFLD pathogenesis is not clearly understood,
but the genetic predisposition with insulin resistance (IR)
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may lead to increase apoptosis, mitochondrial dysfunction,
reactive oxygen species (ROS), lipid peroxidation of cell
membranes, and pro-inflammatory genes induction [6].
This multifactorial nature of NAFLD pathogenesis repre-
sents a challenge for development of targeted therapy [7].
It is usually asymptomatic and underdiagnosed; patients
may have normal liver enzymes. Liver biopsy is still the
gold standard method for the diagnosis and staging [8].
Several diagnostic methods have been used for detection
of fibrosis such as the NAFLD fibrosis score, the NAFLD
activity score (NAS), and the fatty liver index (FLI) [9].
Liver US, CT scanning, MRI, and magnetic resonance
spectroscopy (MRS) are usually used in detecting NAFLD
[10]. The co-existence of NAFLD and T2D can drive
adverse outcomes. The poor quality of evidence has led to
scarce pharmaceutical options for NAFLD [11]. The
sodium glucose co-transporter 2 inhibitors (SGLT2 inhibi-
tors) increase glycosuria and reduce visceral adiposity and
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bodyweight, but their efficacy in patients with NAFLD has
not been sufficiently investigated [12]. The aim of this
study was to detect the effect of the addition of empagli-
flozin or dapagliflozin on the fatty liver index in patients
with concomitant T2D and NAFLD as well as evaluation
of the changes of the lipid profile and other estimated
clinical parameters between all study groups.

Methods

A non-concurrent cohort study was conducted at the
outpatient department of the authors’ institution (May
2019—October 2019; 24 weeks).

Our study contained three matched groups of patients:
group (1), patients administrated dapagliflozin 10 mg
daily added to their treatment, composed of 99 patients
(65 male 65.7% and 34 female 34.3%); group (2), patients
administrated empagliflozin 25 mg daily added on their
treatment composed of 123 patients (81 male 65.9% and
42 female 34.1%); and group (3), control group, patients
administrated their conventional treatment (metformin
+ sulfonylurea) without SGLT2 inhibitors, GLP1-RA, or
TZDs composed of 73 patients (44 male 60.3% and 29
female 39.7%). Egyptian patients with type 2 DM (30-65
years old, HbAlc level above 7.5%, body mass index
(BMI) above 25kg/m? and estimated glomerular filtra-
tion rate (eGFR) > 45 mL/min/1.73 m?), who attended
the outpatient clinics at the authors’ institution, were
enrolled in this study. After signing a written informed
consent, a detailed medical history and thorough phys-
ical examination with anthropometric measures were
done. Blood samples were obtained in the morning fol-
lowing a 12-h overnight fast for assessment of HbAlc,
lipid profiles, liver function tests, renal function tests,
and thyroid profile. The results were compared before
and after 24 weeks. Hypertension was diagnosed in
patients with SBP > 130 mmHg and/or DBP > 85 mmHg
or in those taking antihypertensive medication. Dyslipi-
daemia was identified in patients with serum triglyceride
(TG) levels = 150 mg/dL and/or high-density lipoprotein
cholesterol (HDL-C) levels < 40 mg/dL. The extent of
the fatty liver was estimated using the fatty liver index
(FLI), comprising BMI, waist circumference (WC in cm),
gamma-glutamyl transferase (GGT, in IU/L), and triglyc-
erides (TG, in mg/dL). This index was calculated using the
following equation: FLI = {(exp (0.953 x log (TG) + 0.139 x
BMI + 0.718 x log (GGT) + 0.053 x WC - 15.745)/1 + exp
(0.953 x log (TG) + 0.139 x BMI + 0.718 x log (GGT) +
0.053 x WC - 15.745)} x 100. FLI < 30 can be used to rule
out hepatic steatosis [13].

We excluded patients with other causes of chronic liver
diseases like viral hepatitis, autoimmune hepatitis, alco-
holic consumption, drug-induced liver injury, biliary tract
disease, decompensated liver cirrhosis, hepatocellular car-
cinoma, history of diabetic ketoacidosis, co-administration
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of medications that may affect liver function tests (such as
NSAIDS, statin, and TZDs), and the presence of severe
comorbidities such as heart, respiratory, and/or renal
dysfunction.

Participant’s visits were every 2 months to ensure
that they were committed to the medications. Adverse
events were recorded on each visit, and the severity
was assessed according to the Common Terminology
Criteria for Adverse Events Version 4.0.

Statistical analysis

Data were entered and analysed using the IBM-SPSS
software (IBM Corp. Released 2017. IBM SPSS Statis-
tics for Windows, Version 25.0. Armonk, NY: IBM
Corp.). Qualitative data were expressed as frequency
(percentage) and compared by the chi-square test.
Quantitative data were expressed as mean * standard
deviation (SD) due to its normality (Shapiro-Wilk’s
test, p > 0.050) and no significant outliers (extreme
values) as examined by inspecting the boxplots. Quan-
titative data were compared between the three groups
using one-way ANOVA for age and DM duration and
using one-way ANCOVA for all other clinical and la-
boratory parameters (measured over two-time points)
where the 6-month reading (dependent variable) was
compared between the three groups after adjustment for
the initial reading at enrolment (covariate). In both tests’
results, partial eta-squared (;°) was an estimate of the
effect size. For any of the used tests, results were consid-
ered as statistically significant if p value < 0.050.

Results

We found a statistically significant difference in all
studied parameters between the three groups (p value
<0.05) except for HDL-C that was of similar values
between the three groups (p value = 0.863) as shown
in Tables 1 and 2 and Figs. 1, 2, and 3 showed a
significant improvement of the fatty liver index with a
significant reduction of each of weight, BMI, waist
circumference, ALT, AST, § glutamyl transferase, and
AST to ALT ratio in the two groups who are adminis-
trated empagliflozin and dapagliflozin compared to the
conventional treatment group (p value <0.001). There
was a significant improvement of the lipid profile (TG,
total cholesterol, LDL-C, VLDL-C, TC to HDL-C ratio,
TG to HDL-C and LDL to HDL-C ratio) in the pa-
tients who are administrated SGLT2 inhibitors in com-
parison to the control group (p value <0.05) as shown
in Table 2 and Fig. 4. After post hoc analysis, we did
not find any statistically significant difference between
the SGLT2 inhibitors groups (dapagliflozin versus
empagliflozin) in all the studied parameters. However,
there was a statistically significant difference in all
studied parameters between both SGLT2 inhibitors
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Table 2 Post hoc analysis with a Bonferroni adjustment for study parameters

Parameter Pair Mean difference 95% Cl p value
Weight (kg) 1vs2 0.951 —0.297 to 2.198 0.202
Tvs3 —-17.56 —1898 to —16.13 <0.001
2vs3 —18.509 -1987t0 —17.15 <0.001
BMI (kg/mz) 1vs2 0313 —0.156 to 0.782 0.327
1vs3 —6.351 —6.887 to —5.815 <0.001
2vs 3 —6.664 —7.177 to —6.151 <0.001
WC (cm) 1vs2 -0.078 —1.987 to 1.831 1.000
1vs3 —20.290 —2246 t0 —18.12 <0.001
2vs 3 —20212 —2229t0 -18.13 <0.001
DM duration (years) 1vs 2 0.1321 —1.843 to 2.107 0.986
Tvs3 37224 1.996 to 5449 <0.001
2vs3 3.5904 2.045 t0 5.136 <0.001
GGT 1vs2 3.243 —0.680 to 7.165 0.142
Tvs3 — 35626 —3998 to —31.27 <0.001
2vs3 —38.368 —4331to —3442 <0.001
TG 1vs2 9.026 —12.05 to 30.1 0.910
Tvs3 —38.946 - 629 to —15.03 <0.001
2vs3 —47973 —71.05to —249 <0.001
FLI 1vs2 4.883 —0.081 to 9.846 0.056
Tvs3 —21.354 —27.02 to —15.69 <0.001
2vs3 —26.237 —-31.75t0 —20.73 <0.001
ALT 1vs2 -0.076 — 3484 to 3333 1.000
1vs3 —33.580 — 37416 to —29.744 <0.001
2vs 3 —33.505 —37.276 to —29.734 <0.001
AST 1vs2 —1420 —4.300 to 1.460 0.709
Tvs3 —16.455 —19.940 to — 12.969 <0.001
2vs3 —15.035 —18608 to — 11462 <0.001
AST to ALT ratio 1vs2 -0.021 —0.124 to 0.081 1.000
1vs3 0.226 0.104 to 0.349 <0.001
2vs3 0.248 0.128 to 0.367 <0.001
T. cholesterol 1vs?2 7347 —4.500 to 19.193 0.409
Tvs3 —23.017 —36.540 to — 9494 <0.001
2vs3 —30.364 —43.330 to — 17.397 <0.001
LDL cholesterol 1vs2 4373 — 7418 t0 16.164 1.000
Tvs3 —-16.712 —30.170 to — 3.255 0.009
2vs3 —21.086 —34.001 to —8.170 <0.001
VLDL 1vs2 0.837 —4.747 to 6421 1.000
Tvs3 -9.071 —15.393 to — 2.749 0.002
2vs 3 —9.908 —15.966 to —3.850 <0.001
TC to HDL-C ratio 1vs2 0.159 —0.226 to 0.544 0.964
1vs3 -0522 —0961 to —0.083 0.014
2vs 3 — 0681 —1.100 to —0.261 <0.001
TG to HDL-C ratio 1vs2 -0.032 —0.850 to 0.787 1.000

Tvs3 —1.252 —2.1811t0 -0.323 0.004
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Table 2 Post hoc analysis with a Bonferroni adjustment for study parameters (Continued)

Parameter Pair Mean difference 95% Cl p value
2vs3 -1.220 —2.109 to - 0.331 0.003

LDL-C to HDL-C ratio 1vs2 0.130 —0.184 to 0443 0.959
1vs3 —0.266 —0.624 to 0.092 0.224
2vs3 -0.39% —0.739 to - 0.053 0.017

1 = Dapa, 2 = Empa, and 3 = control

groups versus the control group (p value <0.05) as
shown in Table 2.

Discussion

In our study, after the use of SGLT2 inhibitors, there
was a significant improvement of the fatty liver index as
well as a significant reduction of each of the bodyweight,
BMI, waist circumference, ALT, AST, § glutamyl trans-
ferase, and AST to ALT ratio in the empagliflozin and
dapagliflozin groups versus the conventional treatment
group. After post hoc analysis, we did not find any sta-
tistically significant difference between the SGLT2 inhib-
itors groups (dapagliflozin versus empagliflozin) in all
the studied parameters. However, there was a statistically
significant difference in all studied parameters between
both SGLT?2 inhibitors groups versus the conventional
treatment group.

Our results in the empagliflozin group agreed with
Kuchay et al. [14] who studied the use of empagliflozin
for 20 weeks in T2D patients and showed a significant
reduction in the liver fat mass evaluated by MRI proton
density fat fraction (MRI-PDFF), as well as a significant
reduction in serum ALT level.

In our study, the significant reduction of ALT, AST,
GGT, bodyweight, and HBAlc in the empagliflozin
group agreed with Sattar et al. [15] who found a signifi-
cant improvement of ALT, HbAlc, and bodyweight with
sub-analysis of the EMPA-REG trial.

Our results agreed with Jojima et al. [16] who studied
the use of empagliflozin and combination of empagliflo-
zin and linagliptin versus placebo and found empagliflo-
zin as a monotherapy or a dual therapy reduced the
severity of NASH in NASH mouse models.

The effects of empagliflozin and canagliflozin in
patients with T2DM and NASH were evaluated by Lai
et al. [17] who found a significant improvement in the
histology, ALT, AST, FIB-4 index, and other metabolic
parameters that coincided with our results despite varia-
tions in the study population, duration, and design.

Our results in the dapagliflozin group agreed with
Wang et al. [18] who found an improvement in amino-
transferases, hepatic steatosis, and fibrosis in obese mice
after dapagliflozin use. Also, Tang et al. [19] found the
treatment with dapagliflozin improved hepatic damage
markers like myeloperoxidase (MPO) and oxidative
stress in genetic murine models of obesity and diabetes.

Also, our findings were in agreement with Tobita et al.
[20] who used dapagliflozin in patients with biopsy-
proven NASH with type 2 DM for 6 months that led to
a significant improvement of liver enzymes, obesity, and
glycaemic control.

Our results were consistent with Lee et al. [21] and
Shimizu et al. [22] who demonstrated a significant
reduction in ALT, GGT, and liver stiffness, which
suggested that dapagliflozin can significantly attenuate
severe liver fibrosis. Also, Eriksson et al. [23] found the
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100

Dapagliflozin group

Fig. 2 Fatty liver index changes after 6 months (adjusted means)
.

Fatty liver index (FLI)

Empagliflozin group

Control group

combination of dapagliflozin and n-3 carboxylic acid in-
creased adiponectin and zinc-A2-glycoprotein secretion
improving insulin resistance and hepatic steatosis.

Jojima et al. [16] attributed the hepatic steatosis improve-
ment with SGLT?2 inhibitors to the decrease of collagen de-
position and the downregulation of inflammatory cytokines

in the liver. However, Henith et al. [24] and Shibuya et al.
[25] attributed the beneficial effects of SGLT-2 inhibitors
on liver enzymes, liver fat, fibrosis, and various metabolic
parameters to the efficient improvement of glycaemic con-
trol and insulin resistance. Mohammad et al. [26] explained
the beneficial effects of SGLT-2 inhibitors in amelioration

-
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Lipid profile (adjusted means)
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of insulin resistance via decreasing glucotoxicity, regulating
macrophage recruitment, increasing the anti-inflammatory
cytokines, and inducing the expression of thermogenin
which promotes B-oxidation of fatty acids with lipid profile
improvement.

We found a significant improvement of the lipid pro-
file (TG, total cholesterol, LDL-C, VLDL-C, TC to HDL-
C ratio, TG to HDL-C ratio, and LDL to HDL-C ratio)
in the SGLT2 inhibitors groups in comparison to the
control group that may be attributed to the improved
glycaemic control and weight loss. This significant re-
duction of serum TG levels and the TG/HDL-C ratio
agreed with Hayashi et al. [27] who studied the effect of
dapagliflozin on lipid profile and found the decrease in
the TG/HDL-C ratio may lower small dense LDL-C
levels, subsequently decreasing the incidence of cardio-
vascular events.

There was a significant bodyweight reduction in the
SGLT?2 inhibitor groups which is in accordance with
Ferrannini et al. [28] who attributed this effect to the
significant decrease of fat mass through increasing lipid
utilization more than carbohydrates.

The major point of strength in our study was the use of
two different SGLT-2 inhibitor molecules (empagliflozin
and dapagliflozin) in 2 comparable arms in patients with
type 2 diabetes and NAFLD. However, our limitations
were the ethnicity issue and the single-centre study. Long-
term prospective studies, preferably a randomized con-
trolled trial, applying invasive histopathology sampling are
warranted in the future.

Conclusion

The patients with concomitant T2D and NAFLD can gain
many clinical and metabolic benefits with the administra-
tion of SGLT-2 inhibitors mainly through the improve-
ment of the hepatic steatosis, dyslipidaemia, glycaemic
control, and weight loss.
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