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Abstract
Background and Objective  Sodium glucose co-transporter 2 inhibitors increase urinary glucose excretion and reduce vis-
ceral adiposity and body weight, but their efficacy on patients with nonalcoholic fatty liver disease has not been sufficiently 
investigated. The aim of this study was to assess the effect of sodium glucose co-transporter 2 inhibitors on liver fat mass 
and body composition in patients with nonalcoholic fatty liver disease and type 2 diabetes mellitus.
Methods  We retrospectively analyzed 17 patients with nonalcoholic fatty liver disease and type 2 diabetes who received 
sodium glucose co-transporter 2 inhibitors between November 2016 and July 2017. Changes in liver fat, subcutaneous and 
visceral fat, body composition, and liver function-related parameters were assessed after 24 weeks of sodium glucose co-
transporter 2 inhibitor treatment and compared to baseline values.
Results  Ten patients received dapagliflozin at 5 mg/day and seven patients received canagliflozin at 100 mg/day for 24 weeks. 
All patients completed the study without any serious adverse effects and achieved body weight loss and improved glycated 
hemoglobin levels. Liver fat mass evaluated by proton magnetic resonance spectroscopy was significantly reduced (19.1% 
vs. 9.2%, p < 0.01), and so were both subcutaneous and visceral fat mass. The body fat/body weight ratio decreased, whereas 
the skeletal muscle mass/body weight ratio increased. Liver function (aspartate aminotransferase, alanine aminotransferase, 
and γ-glutamyl transpeptidase) improved significantly.
Conclusions  Sodium glucose co-transporter 2 inhibitor treatment not only improved glycemic control but also reduced liver 
fat mass in patients with nonalcoholic fatty liver disease and type 2 diabetes. Body weight loss was primarily attributable to 
a reduction in fat mass, especially visceral fat. Thus, sodium glucose co-transporter 2 inhibitors could potentially serve as a 
therapeutic agent for patients with nonalcoholic fatty liver disease and type 2 diabetes.

Key Points 

Sodium glucose co-transporter 2 inhibitor treatment 
improved glycemic control and reduced liver fat mass in 
patients with nonalcoholic fatty liver disease and type 2 
diabetes mellitus.

Body weight reduction was mostly due to a reduction 
in fat mass, especially visceral fat, rather than skeletal 
muscle mass.

Sodium glucose co-transporter 2 inhibitors may be 
highly useful therapeutic agents for patients with nonal-
coholic fatty liver disease and type 2 diabetes.
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1  Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most 
common chronic liver disease with an estimated preva-
lence rate of 25% worldwide [1]. Nonalcoholic fatty liver 
disease comprises a wide spectrum and ranges from non-
alcoholic fatty liver, which rarely progresses to advanced 
liver diseases, to nonalcoholic steatohepatitis, which can 
lead to liver fibrosis and hepatocellular carcinoma [2, 3]. 
Previous studies identified a strong association between 
NAFLD and obesity, with a positive correlation between 
body mass index (BMI) and fatty liver [4]. Nonalcoholic 
fatty liver disease is considered a component of metabolic 
syndrome mediated by obesity-induced insulin resistance 
[5]. Furthermore, NAFLD is an independent risk factor for 
cardiovascular disease and chronic kidney disease [6–8] 
and is also significantly associated with the risk of incident 
type 2 diabetes mellitus (T2DM) [9, 10]. Many cross-sec-
tional studies [11–13] demonstrated that T2DM is involved 
in the progression of liver fibrosis and hepatocellular car-
cinoma. Thus, proper management of T2DM is important 
to improve the prognosis of patients with NAFLD.

Sodium-glucose co-transporter 2 inhibitors (SGLT2i) 
suppress the reabsorption of glucose in the kidney and 
increase urinary glucose excretion, and thereby improve 
insulin resistance in patients with T2DM by decreasing 
blood glucose and body weight (BW) [14]. Furthermore, 
SGLT2i have been shown to reduce cardiovascular events 
and exert renal protective effects [15, 16]. Recently, the 
benefits of SGLT2i treatment on liver function were 
reported in patients with NAFLD and T2DM [17–21], and 
the beneficial effects of SGLT2i on fatty liver in patients 
with T2DM were reviewed [22]. However, few studies 
have focused on changes in liver fat accumulation after 
SGLT2i treatment. In this study, we assessed the effect 
of SGLT2i treatment on liver fat accumulation in patients 
with NAFLD and T2DM by magnetic resonance imag-
ing (MRI), and analyzed body composition and various 
parameters related to liver function.

2 � Methods

2.1 � Study Design and Patient Population

We retrospectively analyzed consecutive patients with 
NAFLD and T2DM who received SGLT2i monotherapy 
for more than 24 weeks at the Department of Gastroen-
terology and Hepatology, Tokai University Oiso Hos-
pital (Kanagawa, Japan) between November 2016 and 
July 2017. These patients had not received anti-diabetic 

medication and did not respond to nutrition or exercise 
intervention for at least 24 weeks.

Nonalcoholic fatty liver disease was diagnosed based 
on imaging techniques [abdominal ultrasonography and/
or computed tomography (CT)] or liver biopsy (steatosis 
in 5% or more of hepatocytes). The T2DM diagnosis was 
made according to the Report of the Expert Committee on 
the Diagnosis and Classification of Diabetes Mellitus [23]. 
Exclusion criteria were the presence of alcoholic liver dis-
eases (alcohol consumption > 30 g/day for men and 20 g/day 
for women) [24], chronic viral hepatitis, autoimmune hepa-
titis, drug-induced liver injury, biliary tract disease, decom-
pensated liver cirrhosis, hepatocellular carcinoma, history 
of diabetic ketoacidosis, active ongoing urinary tract infec-
tions, addition of other anti-diabetic drugs during the study 
period, and presence of severe comorbidities such as heart, 
respiratory, and/or renal dysfunction (estimated glomerular 
filtration rate < 45 mL/min/1.73 m2).

After SGLT2i treatment was started, patients were 
required to visit the outpatient clinic every 1 or 2 months. 
Patients received diet and exercise therapy instructions from 
a dietician every 2 months during SGLT2i treatment. These 
nutrition and exercise interventions were the same as those 
given prior to treatment. Adverse events were recorded on 
each visit and the severity assessed according to the Com-
mon Terminology Criteria for Adverse Events Version 4.0.

2.2 � Laboratory and Clinical Parameters

We collected baseline information such as age, sex, BW, 
BMI (calculated as weight in kg/height in m2), concomitant 
metabolic disease, and laboratory parameters. Diagnosis of 
metabolic diseases was based on defined characteristics and 
the patient’s medication regimen. Hypertension was diag-
nosed in patients with systolic blood pressure ≥ 130 mmHg 
and/or diastolic blood pressure ≥ 85 mmHg, or in those 
taking antihypertensive medication. Patients with serum 
triglyceride (TG) levels ≥ 150 mg/dL and/or high-density 
lipoprotein cholesterol (HDL-C) levels < 40 mg/dL, or those 
taking lipid-lowering medication were diagnosed with dys-
lipidemia. Hyperuricemia was present in patients with serum 
uric acid levels > 7.0 mg/dL, or in those taking uric acid-
lowering medication.

Blood samples were obtained in the outpatient clinic in 
the morning following a 12-h overnight fast. Laboratory 
parameters included blood cell counts and levels of serum 
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), γ-glutamyl transpeptidase, creatinine, blood 
urea nitrogen, uric acid, TG, total cholesterol, low-density 
lipoprotein cholesterol (LDL-C), HDL-C, glycated hemo-
globin (HbA1c), fasting plasma glucose, fasting insulin, and 
ferritin. HbA1c was expressed as National Glycohemoglobin 
Standardization Program units (%). Insulin resistance was 
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evaluated by homeostasis model assessment-insulin resist-
ance (HOMA-IR) using the following formula: HOMA-
IR = fasting insulin (IU/mL) × plasma glucose (mg/dL)/405 
[25]. Two non-invasive hepatic fibrosis scores were calcu-
lated according to the following formula: AST to platelet 
ratio index (APRI) = [AST (IU/L)/ULN (IU/L)] × 100/plate-
let count (109/L), where ULN is the upper limit of normal 
[26], and Fibrosis 4 (FIB-4) index = [age (years) × AST 
(IU/L)]/[platelet count (109/L)] × √ALT (IU/L)] [27].

2.3 � Quantification of Liver Fat Mass

Liver fat was determined by proton magnetic resonance 
spectroscopy (1H-MRS) [28–32]. Magnetic resonance imag-
ing was performed using a 1.5 T unit (Signa HDxt Version 
16, GE Healthcare, Milwaukee, WI, USA) with an eight-
channel body array coil. For spectroscopy analysis, we used 
SAGE Version 7 (GE Healthcare). A 30 × 30 × 30 mm3 voxel 
was positioned in the liver right lobes with careful avoid-
ance of ducts and vasculature. The power spectrum was 
calculated from the obtained magnetic resonance signal, 
and curve fitting was performed by the Lorenz curve. The 
area under the curve in the frequency range of water and 
fat was determined, and the fat/water ratio in the liver was 
calculated. The scanning parameters were as follows: pulse 
sequence: Probe-P, repetition time: 1149.0 ms, echo time: 
27.0 ms, number of excitations: 2.00, acquisition matrix: 
1 × 1, and scan time: 23 s with breath hold. Magnetic reso-
nance imaging was conducted with the patient lying in the 
supine position. We started magnetic resonance spectros-
copy imaging as a routine hepatic MRI sequence in August 
2015, and performed this examination every 6 months to 
quantitatively evaluate liver fat in NAFLD patients.

2.4 � Evaluation of Body Composition

Body composition was evaluated using InBody 770 (InBody 
Japan, Tokyo, Japan), a body composition analyzer equipped 
with simultaneous multi-frequency impedance measure-
ment technology. In addition, the visceral fat area (VFA) 
and subcutaneous fat area (SFA) were analyzed by CT scans 
(Aquilion 128; Siemens Healthineers, Erlangen, Germany) 
using Fat Scan software (N2 System Corporation, Hyogo, 
Japan). A single cross-sectional scan at the level of the 
umbilicus (the fourth and fifth lumbar disc position) was 
selected for quantification [33, 34].

2.5 � Statistical Analysis

The values obtained after the 24-week treatment were com-
pared with baseline values using the Wilcoxon signed-rank 
test. We also evaluated the correlations between changes 
in 1H-MRS fat/water ratio and other variables using the 

Spearman coefficient. All analyses were performed using 
SPSS Version 24 (SPSS Japan, Tokyo, Japan), and p val-
ues < 0.05 were considered statistically significant.

2.6 � Ethical Approval

This study was approved by the Institutional Review Board 
for Clinical Research at Tokai University (No. 17R-376). All 
procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the 
institutional research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical 
standards.

3 � Results

3.1 � Patients’ Characteristics

Seventeen patients were included in this study, and their 
clinical characteristics are presented in Table  1. The 
median patient age was 60 years (range 50–83 years), and 
ten patients (58.8%) were female. All patients had a BMI 
of 25 kg/m2 or more. This cohort included seven patients 
with hypertension (41.2%), 12 with dyslipidemia (70.6%), 
and nine with hyperuricemia (52.9%). Ten patients received 
dapagliflozin at a dose of 5 mg/day and seven patients 
received canagliflozin at a dose of 100 mg/day for 24 weeks.

3.2 � Effect of Sodium‑Glucose Co‑Transporter 
2 Inhibitors on Liver Fat Mass and Body 
Composition

Proton magnetic resonance spectroscopy revealed a sig-
nificant reduction in the liver fat/water ratio from 19.1% 

Table 1   Clinical characteristics of the patients in this study

Values are presented as median (range) or number (%)
BMI body mass index, SGLT2i sodium glucose co-transporter 2 
inhibitor

Characteristics Values

Age (years) 60 (50–83)
Sex, female 10 (58.8)
Body weight (kg) 72.9 (48.8–101.2)
BMI (kg/m2) 28.2 (25.1–36.8)
Hypertension 7 (41.2)
Dyslipidemia 12 (70.6)
Hyperuricemia 9 (52.9)
SGLT2i
 Dapagliflozin 10 (58.9)
 Canagliflozin 7 (41.1)
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(median, range 6.9–50.7%) at baseline to 9.2% (range 
1.3–5.3%) in week 24 (p < 0.001; Fig. 1). Sodium-glu-
cose co-transporter 2 inhibitor treatment significantly 

reduced both BW [72.9 kg (median, range 48.8–101.2 kg) 
vs. 67.7 kg (median, range 44.7–98.7 kg), p < 0.001] and 
BMI [28.2 kg/m2 (median, range 25.1–36.8) vs. 27.2 kg/
m2 (median, range 21.7–35.0), p < 0.001] (Fig. 2). Nota-
bly, every patient lost weight throughout the course of the 
study. 

We next analyzed the effect of SGLT2i on body compo-
sition (Fig. 3). The skeletal muscle mass/BW ratio signifi-
cantly increased from 34.8% (median, range 25.0–45.5%) 
to 36.5% (median, range 28.9–47.2%, p = 0.001), whereas 
the body fat/BW ratio significantly decreased from 35.4% 
(median, range 20.1–52.6) to 34.1% (median, range 
19.6–50.8, p = 0.002). Significant increases in the total 
body water/weight ratio (47.4–49.3%; p = 0.002) and 
the skeletal muscle mass/body fat mass ratio (SF ratio) 
(0.98–1.10; p = 0.001) were also observed. There were no 
marked changes in protein and soft lean mass during the 
treatment period (data not shown).

We evaluated changes in VFA and SFA by abdomi-
nal CT scans (Fig. 4). Both fat areas were significantly 
reduced, with VFA declining from 139 cm2 (median, range 
89–314  cm2) to 121  cm2 (median, range 78–320  cm2, 
p = 0.001) and SFA from 222  cm2 (median, range 
112–449 cm2) to 214 cm2 (median, range 101–332 cm2, 
p = 0.002). Visceral fat area reduction was greater than 
that of SFA (14.7% vs. 7.4%; p = 0.005), and there was a 
significant correlation between changes in VFA and BW 
(correlation coefficient = 0.711; p = 0.001).

Fig. 1   Hepatic fat/water ratio measured by proton magnetic resonance 
spectroscopy (1H-MRS) before and after 24  weeks (W) of sodium 
glucose co-transporter 2 inhibitor treatment. Data are shown as box-
and-whisker plots and expressed as a median with the interquartile 
range and maximum and minimum values. The dot represents an out-
lier defined as the value exceeding the 75th percentile plus 1.5 times 
the interquartile range. *p < 0.01 (Wilcoxon signed-rank test)

Fig. 2   Body weight and body mass index (BMI) before and after 
24  weeks (W) of sodium glucose co-transporter 2 inhibitor treat-
ment. Data are presented as box-and-whisker plots and expressed as 
a median with the interquartile range and maximum and minimum 

values. Dots represent outliers defined as values exceeding the 75th 
percentile plus 1.5 times the interquartile range. *p < 0.01 (Wilcoxon 
signed-rank test)
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Fig. 3   Skeletal muscle mass to body weight ratio, body fat mass to 
body weight ratio, total body water to body weight ratio, and skel-
etal muscle mass to body fat mass ratio (SF ratio) before and after 
24  weeks (W) of sodium glucose co-transporter 2 inhibitor treat-
ment. Data are presented as box-and-whisker plots and expressed as 

a median with the interquartile range and maximum and minimum 
values. Dots represent outliers defined as values exceeding the 75th 
percentile plus 1.5 times the interquartile range. *p < 0.01 (Wilcoxon 
signed-rank test)

Fig. 4   Visceral and subcutaneous fat areas measured by computed 
tomography scans before and after 24 weeks (W) of sodium glucose 
co-transporter 2 inhibitors treatment. Data are presented as box-and-
whisker plots and expressed as a median with the interquartile range 

and maximum and minimum values. Dots represent outliers defined 
as values exceeding the 75th percentile plus 1.5 times the interquar-
tile range. *p < 0.01 (Wilcoxon signed-rank test)
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3.3 � Effect of Sodium‑Glucose Co‑Transporter 2 
Inhibitors on Clinical Parameters

The 24-week SGLT2i treatment significantly improved glu-
cose metabolism-related variables including HbA1c (median: 
6.5 vs. 5.9%, p = 0.003), fasting plasma glucose (median: 
132 vs. 112 mg/dL, p < 0.001), fasting insulin (median: 18.5 
vs. 11.8 µU/mL, p < 0.001), and HOMA-IR (median 6.3–3.2, 
p < 0.001; Table 2). Serum AST (median: 30 vs. 21 IU/L), 
ALT (median: 48 vs. 27 IU/L), and γ-glutamyl transpepti-
dase (median: 42 vs. 28 IU/L) levels also declined signifi-
cantly. Analysis of liver fibrosis-related variables revealed 
that SGLT2i treatment significantly decreased the APRI 
(median 0.43 vs. 0.35, p = 0.031) but not the FIB-4 index. 
Serum creatinine slightly increased, but there were no signif-
icant changes in blood urea nitrogen and estimated glomeru-
lar filtration rate levels. Serum ferritin (median: 130–77 ng/

dL, p = 0.002), TG (median: 154–119 mg/dL, p = 0.039), 
uric acid (median: 5.7–4.9 mg/dL, p = 0.016), and the TG/
HDL-C ratio (median: 3.0–2.2, p = 0.015) were significantly 
improved by SGLT2i treatment. Reduction in 1H-MRS 
reflecting changes in liver fat correlated significantly with 
changes in BW (correlation coefficient = 0.505, p = 0.039), 
fasting insulin (correlation coefficient = 0.642, p = 0.005), 
HOMA-IR (correlation coefficient = 0.620, p = 0.008), fer-
ritin (correlation coefficient = 0.520, p = 0.033), and body fat 
mass (correlation coefficient = 0.635, p = 0.006).

3.4 � Safety

Mild adverse events observed during 24 weeks of SGLT2i 
treatment included itching of the genital area in two patients 
(11.8%) and urinary tract infection in one patient (5.9%). 
There were no serious adverse events.

4 � Discussion

In this study, we demonstrated that SGLT2i treatment not 
only reduced BW but also improved liver fat accumulation 
in patients with NAFLD and T2DM. The observed weight 
loss was mostly due to a reduction in body fat mass rather 
than skeletal muscle mass.

Deposition of fat in the liver occurs as a consequence 
of increased free fatty acid influx from food or fat cells, 
increased de novo lipid synthesis in the liver, or decreased 
free fatty acid oxidation and TG trafficking [35]. In clini-
cal practice, abdominal ultrasonography is generally used 
to diagnose fatty liver. Nevertheless, this imaging technique 
has low sensitivity and low reproducibility in the quantifica-
tion of liver fat [36], and the diagnosis may be influenced 
by the skill level of the operator. Although liver biopsy was 
regarded as the gold standard for the diagnosis and histologi-
cal assessment of NAFLD, it has several limitations such 
as sampling error, invasiveness, and inter-observer differ-
ences [37]. The liver-to-spleen ratio may be obtained by 
a CT scan to quantify liver fat accumulation [38], but its 
disadvantages include radiation exposure and inadequate 
sensitivity to detect minor steatosis and slight changes in 
fat content [39]. An ideal device to monitor liver fat con-
tent should be non-invasive, safe, sensitive, accurate, and 
repeatable, which renders MRI the method of choice [40]. 
Proton magnetic resonance spectroscopy can accurately 
determine the fat/water ratio in hepatic tissue by measur-
ing the chemical shift of protons in water and lipids [31, 
41]. In fact, results obtained by 1H-MRS were proven to be 
highly correlated with actual hepatic steatosis [29, 30]. The 
present study demonstrated significant a reduction in liver 
fat mass evaluated by 1H-MRS after 24 weeks of SGLT2i 
treatment in patients with NAFLD and T2DM. These results 

Table 2   Changes in laboratory findings at baseline and after 
24 weeks of SGLT2i treatment in patients with NAFLD and type 2 
diabetes mellitus

Values are presented as median (range)
ALT alanine aminotransferase, APRI AST to platelet ratio index, 
AST aspartate aminotransferase, BUN blood urea nitrogen, eGFR 
estimated glomerular filtration rate, FIB-4 Fibrosis-4, FPG fast-
ing plasma glucose, GGT​ γ-glutamyl transferase, HbA1c glycated 
hemoglobin, HDL-C high-density lipoprotein cholesterol, HOMA-IR 
homeostasis model assessment-insulin resistance, LDL-C low-density 
lipoprotein cholesterol, TG triglyceride, Total-C total cholesterol

 Parameter Baseline Week 24 p value

HbA1c (%) 6.5 (6.3–7.7) 5.9 (5.4–6.8) 0.003
FPG (mg/dL) 132 (127–185) 112 (89–144) < 0.001
Fasting insulin (μU/

mL)
18.5 (5–83.9) 11.8 (1.6–21.0) < 0.001

HOMA-IR 6.3 (2.0–27.3) 3.2 (0.4–6.2) < 0.001
Platelet count (× 104/

μL)
20.9 (12.6–38.3) 20.5 (12.7–33.1) 0.298

AST (IU/L) 30 (15–83) 21 (10-63) 0.007
ALT (IU/L) 48 (14–118) 27 (12–96) 0.005
GGT (IU/L) 42 (22–124) 28 (12–87) 0.001
Ferritin (ng/dL) 130 (9–362) 77 (5–292) 0.002
FIB-4 index 1.42 (0.54–4.30) 1.28 (0.53–3.14) 0.163
APRI 0.43 (0.24–2.05) 0.35 (0.14–1.44) 0.031
Creatinine (mg/dL) 0.76 (0.55–1.17) 0.82 (0.60–1.11) 0.023
BUN (mg/dL) 13 (9–20) 15 (8–21) 0.082
eGFR (mL/

min/1.73 m2)
66 (49–86) 64 (49–81) 0.108

Uric acid (mg/dL) 5.7 (2.9–8.1) 4.9 (2.7–8.0) 0.016
TG (mg/dL) 154 (70–300) 119 (57–224) 0.039
Total-C (mg/dL) 190 (147–234) 185 (145–228) 0.733
LDL-C (mg/dL) 122 (85–149) 112 (86–151) 0.776
HDL-C (mg/dL) 47 (34–85) 49 (42–80) 0.14
TG/HDL-C ratio 3.0 (1.1–7.5) 2.2 (0.8–5.3) 0.015
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are in agreement with two previous studies using MRI. The 
E-LIFT trial [42] conducted in India showed a significant 
reduction in liver fat mass evaluated by MRI-proton density 
fat fraction after 20 weeks of empagliflozin treatment, and 
the LEAD trial [43] conducted in Japan demonstrated a sig-
nificant reduction in liver fat mass evaluated by MRI hepatic 
fat fraction after 24 weeks of luseogliflozin treatment. In our 
study, liver fat mass reduction was significantly correlated 
with BW reduction, which is consistent with the results of 
the LEAD trial. Changes in serum ferritin, fasting insulin, 
HOMA-IR, and body fat mass were also significantly cor-
related with liver fat mass reduction.

In contrast to SGLT2i, sitagliptin, an oral antidiabetic 
drug that inhibits dipeptidyl peptidase IV, did not improve 
liver fat mass evaluated by MRI-proton density fat fraction 
after 24 weeks of treatment [44, 45]. A recent meta-analysis 
showed that treatment with another antidiabetic drug, met-
formin (a biguanide agent), did also not achieve a reduction 
in liver fat mass [46]. Pioglitazone reduced liver fat mass 
[47] but was associated with a risk of BW gain. However, 
glucagon-like peptide-1 receptor agonists have been reported 
to reducing liver fat content and BW [48–50], similar to 
SGLT2i.

In this study, the ratio between skeletal muscle mass and 
BW significantly increased, whereas the body fat mass to 
BW ratio significantly decreased with 24 weeks of SGLT2i 
treatment. Decreasing body fat mass without a loss of skel-
etal muscle mass is an important aspect of NAFLD treat-
ment, which is why the relationship between sarcopenia 
(characterized by a decrease in skeletal muscle mass and 
muscle strength [51]) and NAFLD has gained much atten-
tion. Approximately 12% of patients with NAFLD are 
diagnosed with sarcopenia [52]. In a Korean study, even 
22.7% of patients with NAFLD were identified with sar-
copenia and it was an independent risk factor for nonalco-
holic steatohepatitis and significant fibrosis [53]. Mizuno 
et al. [54] reported that the reduction in serum ALT levels 
within 12 months was significantly greater in patients with 
an increased SF ratio compared with those with a decreased 
SF ratio. The precise mechanisms are unknown, but changes 
in adipokines, myokines, and hepatokines may be involved. 
In our study, SGLT2i administration increased both skeletal 
muscle percentage and the SF ratio, suggesting that SGLT2i 
does not induce sarcopenia.

Baseline median VFA was 139 cm2 in this study, exceed-
ing the cut-off value of 100 cm2 that indicates visceral 
obesity based on the proposed definition of the Japan Soci-
ety for the Study of Obesity. It decreased by 12.8% after 
24 weeks of SGLT2i treatment. Only a few reports have 
demonstrated a decrease in visceral fat caused by SGLT2i 
[55–57]. Recently, results of SGLT2 inhibitors on body com-
position and metabolic parameters in a Japanese population 
have been reported (LIGHT Study); luseogliflozin 52-week 

treatment resulted in body fat reduction, and minimal muscle 
and bone mineral content reductions in moderately obese 
Japanese patients with T2DM [57]. The changes in body 
content by SGLT2i were similar to our study, and it was 
also consistent that the changes of VFA and BW were sig-
nificantly correlated. The excess accumulation of visceral 
fat is linked to the onset of arteriosclerotic diseases such as 
T2DM, dyslipidemia, and hypertension [58–60]. Decreasing 
visceral fat mass improves insulin resistance, hypertension, 
and dyslipidemia, and hence reduces the risk of cardiovas-
cular diseases [61, 62].

In this study, serum TG levels, uric acid levels, and the 
TG/HDL-C ratio decreased significantly. The decrease in TG 
appears to be a result of improved insulin resistance because 
of diminished VFA [63]. Maruyama et al. [64] reported a 
correlation between the TG/HDL-C ratio and small dense 
LDL-C levels, which are associated with the occurrence of 
cardiovascular events [65]. The decrease in the TG/HDL-C 
ratio observed in our study may reflect lower small dense 
LDL-C levels, which would be in agreement with a pre-
vious study using dapagliflozin [66]. Increased serum uric 
acid levels are a known risk factor for cardiovascular events 
[67]. Sodium glucose co-transporter 2 inhibitor treatment 
decreased uric acid levels by mechanisms yet unknown. 
Sodium glucose co-transporter 2 inhibitors may promote 
uric acid excretion into the urine via glucose transporter 9 
activation by inhibiting SGLT2-mediated glucose reabsorp-
tion [68, 69]. Decreased serum TG levels, uric acid levels, 
and the TG/HDL-C ratio resulting from SGLT2i treatment 
may lead to the prevention of future cardiovascular events.

There are currently six types of SGLT2i-based drugs on 
the market in Japan. Although some of these drugs (e.g., 
canagliflozin and sotagliflozin) exert mild or moderate 
inhibitory effects on intestinal and renal SGLT1 as well [70], 
there are no documented differences in the clinical effect of 
the available SGLT2i-based drugs [71]. We did not observe 
any obvious differences between the two drugs we used in 
our study (dapagliflozin and canagliflozin) with regard to the 
improvement of liver fat mass, BW, and various metabolic 
pathways.

A recent study showed that a BW loss of at least 7% was 
necessary to improve the NAFLD Activity Score, a histo-
logical scoring system composed of hepatic steatosis, lobu-
lar inflammation, and ballooning degeneration [47, 72]. In 
our study, SGLT2i treatment for 24 weeks resulted in a 9.4% 
BW reduction and hence might improve the NAS; however, 
we did not perform any liver biopsies.

In patients with NAFLD, liver fibrosis was identified as 
the most important factor contributing to liver-related death 
[73]. Furthermore, T2DM is a significant risk factor for 
advanced liver fibrosis [74]. It is therefore important to ana-
lyze whether SGLT2i treatment can improve liver fibrosis. 
In this study, the APRI but not the FIB-4 index improved 
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significantly. Although reports have indicated that SGLT2i 
treatment significantly reduces the FIB-4 index after a follow 
up of 24 weeks [75], 26 weeks [76], and 48 weeks [77], other 
reports found no significant reduction in the FIB-4 index 
[43, 78], showing that there is no consensus. No studies 
have reported significant reductions in APRI with SGLT2i 
treatment. Because we had not performed liver biopsies 
after the 24-week SGLT2i treatment, we could not accu-
rately assess whether there were improvements in histologic 
fibrosis. Akuta et al. [79] reported that 24 weeks of treat-
ment with canagliflozin in patients with NAFLD and T2DM 
achieved histological improvement; scores of the fibrosis 
stage decreased by 33% compared with the pretreatment. 
However, long-term observations are necessary to determine 
whether SGLT2i improves liver fibrosis in patients with 
NAFLD and T2DM.

Some patients experienced itching of the genital area 
(11.8%) and urinary tract infection (5.9%) during SGLT2i 
treatment. These known adverse effects were mild and did 
not interrupt treatment. Sodium glucose co-transporter 2 
inhibitors therefore appeared sufficiently safe.

Our study has some limitations. We included only a 
small number of patients and lacked a placebo group, which 
may limit the strength of our conclusions. Furthermore, this 
was a retrospective study and we cannot completely exclude 
the possibility of selection bias. In addition, the treatment 
period was comparatively short. Nevertheless, our study 
suggests potential benefits and safety of SGLT2i treatment 
in patients with NAFLD and T2DM. Further large-scale 
and long-term prospective studies are warranted to confirm 
our results.

5 � Conclusion

In this study, we showed that SGLT2i treatment not only 
improved glycemic control but also reduced liver fat mass 
in patients with NAFLD and T2DM. Importantly, BW 
reduction was mostly due to a reduction in fat mass, espe-
cially visceral fat, rather than skeletal muscle mass. Thus, 
SGLT2i are highly useful therapeutic agents for patients 
with NAFLD and T2DM.
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