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Introduction
Non-alcoholic fatty liver disease (NAFLD), a 
major chronic liver disease with a global prevalence 

of approximately 25%,1–3 can progressively develop 
into liver cirrhosis and subsequently hepatocellular 
carcinoma (HCC).4 Considering that NAFLD is a 
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Abstract
Background: Although sodium-glucose cotransporter 2 inhibitors (SGLT2-Is) improve not only 
glycemic control but also liver inflammation and fatty changes in patients with non-alcoholic 
fatty liver disease (NAFLD) and type 2 diabetes mellitus (T2DM), its sustainability and effect on 
liver fibrosis have remained unclear. The current study aimed to clarify the effects of 48-week 
SGLT2-I therapy on liver inflammation, fatty changes, and fibrosis in NAFLD patients with T2DM.
Methods: This study evaluated the effects of SGLT2-I on NAFLD, including liver fibrosis assessed 
via transient elastography, in 56 patients with NAFLD who received SGLT2-I for 48 weeks. 
Moreover, changes in each clinical parameter between patients receiving SGLT2-I (the SGLT2-I 
group) and those receiving other oral hypoglycemic agents (OHAs) (the non-SGLT2-I group) were 
compared, using 1:1 propensity score matching to adjust for baseline factors.
Results: The SGLT2-I group exhibited a significant decrease in controlled attenuation 
parameter (312 dB/m at baseline to 280 dB/m at week 48) and liver stiffness measurement 
(9.1–6.7 kPa) (p < 0.001 for both). After propensity score matching (44 patients each in the 
SGLT2-I and non-SGLT2-I groups), no significant difference in HbA1c decrease was observed 
between the two groups. However, compared with the non-SGLT2-I group, the SGLT2-I group 
showed a significant decrease in body weight (p < 0.001), alanine aminotransferase (p = 0.02), 
uric acid (p < 0.001), and Fibrosis-4 (FIB-4) index (p = 0.01) at week 48. The improvement in 
FIB-4 index, defined as a ⩾10% decline from baseline at week 48, was 56.8% (25/44) in the 
SGLT2-I group and 20.5% (9/44) in the non-SGLT2-I group (p < 0.001).
Conclusion: SGLT2-Is improved not only glycemic control but also liver fatty infiltration and 
fibrosis in patients with NAFLD and T2DM, suggesting their possible superiority to other OHAs 
concerning these effects.
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multifactorial disease mutually associated with 
metabolic syndrome,5 the coexistence of type 2 
diabetes mellitus (T2DM), abnormal glucose tol-
erance, or insulin resistance largely influences the 
development of NAFLD, fibrosis, and HCC.6,7

The American Diabetes Association (ADA) and 
European Association for the Study of Diabetes 
(EASD) have recommended metformin as the 
first-line treatment for T2DM. However, when 
poor therapeutic effects are observed with met-
formin, other oral hypoglycemic agents (OHAs) 
have been recommended as a second-line treat-
ment.8 However, metformin, insulin, sulfonylu-
rea, and dipeptidyl peptidase 4 (DPP4) inhibitors 
have poor effects on liver inflammation and fibro-
sis in patients with NAFLD complicated by 
T2DM.9,10 Moreover, sulfonylurea and insulin 
administration may increase the risk for develop-
ing HCC in patients with NAFLD.11 Recently, it 
was reported that treatment with the glucagon-
like peptide-1 receptor agonist semaglutide 
resulted in a significantly higher percentage of 
patients with resolution of non-alcoholic steato-
hepatitis than placebo, but its effect on liver fibro-
sis is still controversial.12

Currently, pioglitazone, a peroxisome prolifera-
tor-activated receptor-γ agonist with an insulin-
sensitizing effect, has been the only OHA 
recommended by the American Association for 
the Study of Liver Disease,13 European Association 
for the Study of the Liver,14 and Japanese Society 
of Gastroenterology15 for the treatment of NAFLD. 
Although pioglitazone has been shown to improve 
the histological features of NAFLD, it can poten-
tially lead to several adverse effects, such as weight 
gain, edema, heart failure, and osteoporosis.16,17 
Therefore, treatment options have been limited.

Sodium-glucose cotransporter 2 inhibitor 
(SGLT2-I) is an antidiabetic drug that inhibits 
glucose reabsorption in the proximal tubule and 
increases urinary glucose excretion, leading to a 
reduction in blood glucose levels. Apart from this 
hypoglycemic action, SGLT2-I has been found to 
reduce the body weight and visceral fat. Reports 
have shown that SGLTS2-I improved liver inflam-
mation and fatty changes in patients with NAFLD 
suffering from T2DM.18–30 However, such studies 
had a small number of cases and/or a short treat-
ment period (24 weeks or less). Moreover, only a 
few studies have investigated how SGLT2-I 
improves liver fibrosis in patients with NAFLD.

The current study aimed to clarify the influence 
of 48-week SGLT2-I therapy on not only glucose 
metabolism but also liver histology, including 
inflammation, fatty infiltration, and fibrosis, in 
patients with NAFLD complicated by T2DM.

Materials and methods

Patients
Among patients who visited Nippon Medical 
School Chiba Hokusoh Hospital and Kikkoman 
General Hospital between October 2015 and 
February 2019, 56 patients with NAFLD and 
T2DM were enrolled and received SGLT2-I for 
48 weeks (designated as the SGLT2-I group). 
Moreover, among 66 patients with NAFLD and 
T2DM who received other OHAs at Nippon 
Medical School Hospital between March 2011 
and June 2019, 44 were selected using propensity 
score (PS) matching and registered as the non-
SGLT2-I group.

The inclusion criteria for the SGLT2-I group 
were as follows: (1) >20 years of age; (2) presence 
of steatosis in ⩾5% of hepatocytes according to 
histological findings or fat deposit determined via 
ultrasonography; and (3) HbA1c ⩾6.2% despite 
dietary/exercise therapies and/or other OHAs for 
at least 8 weeks. The main exclusion criteria 
included patients with (1) daily alcohol consump-
tion ⩾30 g for men and ⩾20 g for women; (2) 
other chronic liver diseases, such as viral hepatitis 
B or C, alcoholic liver disease, autoimmune hepa-
titis, primary biliary cholangitis, Wilson disease, 
and hemochromatosis; and (3) pregnancy and 
lactation. This study was conducted according to 
the ethical guidelines of the 2013 Declaration of 
Helsinki and was approved by the Ethics 
Committee of Nippon Medical School Chiba 
Hokusoh Hospital (approval number: 529012). 
All patients provided written informed consent 
prior to study inclusion. All treatments were pro-
vided as part of routine care.

Study design
Clinical and laboratory data were collected every 
3 months during the study period. Liver stiffness 
measurement (LSM) and controlled attenuation 
parameter (CAP) were assessed through tran-
sient elastography using FibroScan 502 equipped 
with M-probe (Echosens SA, Paris, France) at 
initiation and week 48 of SGLT2-I therapy. 

https://journals.sagepub.com/home/tae


T Arai, M Atsukawa et al.

journals.sagepub.com/home/tae 3

First, we performed an efficacy analysis involv-
ing 56 patients receiving SGLT2-I (Figure 1). 
Second, to compare the SGLT2-I and non-
SGLT2-I groups, we adjusted for baseline fac-
tors, including age, gender, body weight, 
platelets, alanine aminotransferase (ALT), 
plasma glucose, hemoglobin A1c (HbA1c), uric 
acid, and Fibrosis-4 (FIB-4) index, using PS 
matching. After 1:1 PS matching, 44 patients in 
each group were included in the final compara-
tive analysis (Figure 1).

Laboratory tests
Laboratory evaluation included complete blood 
count, routine liver biochemistry (aspartate ami-
notransferase, ALT, albumin, and gamma gluta-
myl transpeptidase), fasting lipids (triglyceride, 
high-density lipoprotein cholesterol, and low-den-
sity lipoprotein cholesterol), fasting plasma glu-
cose, HbA1c, and uric acid. FIB-4 index, a fibrosis 
score, was calculated as reported previously.31

Statistical analyses
Continuous variables were presented as medi-
ans and ranges in parentheses, while categorical 

variables were presented as numbers and per-
centages in parentheses. Categorical variables 
were compared using the Fisher’s exact test, 
while continuous variables were analyzed using 
the Mann–Whitney U test. The kinetics of the 
aforementioned factors was examined using the 
Wilcoxon signed-rank test. Correlations between 
continuous variables were analyzed using the 
Spearman’s rank correlation test. PS matching 
was performed to reduce differences in baseline 
characteristics between the SGLT2-I and non-
SGLT2-I groups. PS models were estimated 
using a logistic regression model that adjusts for 
patient characteristics, including age, gender, 
body weight, platelets, ALT, plasma glucose, 
HbA1c, uric acid, and FIB-4 index. The PS 
matching model was validated using the Hosmer 
and Lemeshow goodness-of-fit test (p = 0.795) 
and the area under the curve (0.704, 95% confi-
dence interval: 0.612–0.795). One-to-one 
matching of patients was completed using near-
est neighbor matching without replacement, 
while the PS was matched using a caliper width 
of 0.2 logit of the standard deviation. All statisti-
cal analyses were performed using Excel Statistics 
2015 software (SSRI, Tokyo), with statistical sig-
nificance set at p < 0.05.

Figure 1. Flow chart for patient inclusion.
OHA, oral hypoglycemic agent; SGLT2-I, sodium-glucose cotransporter 2 inhibitor.

https://journals.sagepub.com/home/tae


Therapeutic Advances in Endocrinology and Metabolism 12

4 journals.sagepub.com/home/tae

Results

Patient characteristics of the SGLT2-I group
Baseline characteristics of the 56 patients with 
NAFLD who received SGLT2-I are shown in 
Table 1. The SGLT2-I group had 28 men and 28 
women, a median age of 59 years (range, 31–
77 years), and a median HbA1c of 7.4% (range, 
6.2–12.6%). Prior to SGLT2-I initiation, 28 
patients had been receiving dietary and/or exer-
cise therapies without OHAs, while the remaining 
28 had been receiving other OHAs, including sul-
fonylurea (n = 4), α-glucosidase inhibitor (n = 2), 
metformin (n = 12), and DPP4 inhibitor (n = 25). 
The SGLT2-Is administered were as follows: 
canagliflozin (n = 29), ipragliflozin (n = 12), 
tofogliflozin (n = 6), dapagliflozin (n = 4), luse-
ogliflozin (n = 4), and empagliflozin (n = 1).

Among the 56 patients in the SGLT2-I group, 52 
underwent transient elastography before and 
48 weeks after SGLT2-I administration. The 
median baseline CAP and LSM values were 312 
dB/m (range, 182–400 dB/m) and 9.1 kPa (range, 
3.8–46.4 kPa), respectively. When the LSM value 
of 16.1 kPa or higher was defined as liver cirrhosis 
with reference to the previous report,32 10 out of 
52 patients were diagnosed with liver cirrhosis.

Efficacy of SGLT2-I
In the SGLT2-I group, significant decreases in 
body weight, ALT, HbA1c, and uric acid levels 
were found at weeks 12, 24, and 48 (Figure 2). 
Regarding changes in liver fat/fibrosis indices 
(Figure 3), median CAP decreased from 312 dB/m 
at baseline to 280 dB/m at week 48 (p < 0.001), 
while median LSM decreased from 9.1 kPa at 
baseline to 6.7 kPa at week 48 (p < 0.001). FIB-4 
index improved from 1.82 at baseline to 1.70 at 
week 48 (p < 0.01). Moreover, changes in body 
weight were found to be correlated with changes 
in ALT (r = 0.35; p < 0.01) and CAP (r = 0.33; 
p = 0.02) (Figure 4).

Table 2 shows the treatment effect of SGLT2-I in 
patients who received SGLT2-I as a first-line 
drug and those who received SGLT2-I in addi-
tion to other OHAs. Body weight, ALT, uric acid, 
HbA1c, and CAP showed a significant decrease 
at week 48 with or without other OHAs prior to 
administration of SGLT2-I. LSM decreased sig-
nificantly in patients who received SGLT2-I as a 
first-line drug, while it also tended to decrease in 

Table 1. Baseline characteristics of the 56 patients treated with SGLT2-I.

Factors SGLT2-I group
n = 56

Age, years 59 (31–77)

Gender, male/female 28/28

Body weight, kg 78.0 (50.0–124.9)

BMI, kg/m2 28.7 (20.0–39.7)

Platelets, ×103/mm3 201 (39–378)

AST, U/L 47 (15–140)

ALT, U/L 57 (16–205)

γ-GTP, U/L 55 (16–661)

Serum albumin, g/dL 4.3 (3.0–4.8)

LDL cholesterol, mg/dL 121 (41–190)

HDL cholesterol, mg/dL 49 (34–96)

Triglyceride, mg/dL 126 (58–602)

Uric acid, mg/dL 5.3 (2.4–8.0)

Plasma glucose, mg/dL 154 (103–384)

HbA1c, % 7.4 (6.2–12.6)

Type of SGLT2-I Canagliflozin 29 (51.8%)

 Ipragliflozin 12 (21.4%)

 Tofogliflozin 6 (10.7%)

 Dapagliflozin 4 (7.1%)

 Luseogliflozin 4 (7.1%)

 Empagliflozin 1 (1.8%)

Concomitant antidiabetic drugs Sulfonylurea 4 (7.1%)

 α-glucosidase inhibitor 2 (3.6%)
Metformin 12 (21.4%)

 DPP4 inhibitor 25 (44.6%)

 None 28 (50.0%)

FIB-4 index 1.82 (0.49–11.80)

CAP, dB/m 312 (182–400)

LSM, kPa 9.1 (3.8–46.4)

Categorical variables are given as numbers (percentages). Continuous variables are 
given as medians (ranges).
γ-GTP, gamma glutamyl transpeptidase; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation 
parameter; DPP4, dipeptidyl peptidase-4; FIB-4, Fibrosis-4; HbA1c, hemoglobin 
A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LSM, liver 
stiffness measurement; SGLT2-I, sodium-glucose cotransporter 2 inhibitor.
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those who received SGLT2-I in addition to other 
OHAs, although not significantly.

Comparison between the SGLT2-I and non-
SGLT-2-I groups
After PS matching, a matched sample consisting 
of 44 patients in each group had been obtained 
(Table 3). No significant differences in baseline 
characteristics between these two groups were 
observed.

The non-SGLT2-I group exhibited a significant 
decrease in HbA1c (p < 0.001), although no sig-
nificant decrease in body weight (p = 0.91), ALT 
(p = 0.16), uric acid (p = 0.07), and FIB-4 index 
(p = 0.99) was noted at week 48 (Table 4). In con-
trast, the SGLT2-I group showed a significant 
decrease in body weight (p < 0.001), ALT 
(p = 0.02), uric acid (p < 0.001), and FIB-4 index 
(p = 0.01) at week 48 (Table 4). However, no 

significant difference in HbA1c decrease was 
found between the SGLT2-I and non-SGLT2-I 
groups (p = 0.14).

When defining FIB-4 index improvement as a 
⩾10% decline from baseline to week 48, the 
SGLT2-I and non-SGLT2-I groups showed an 
improvement rate of 56.8% (25/44) and 20.5% 
(9/44), respectively (p < 0.001) [Figure 5(a)]. 
Conversely, when defining FIB-4 index deteriora-
tion as a ⩾10% increase from baseline to week 48, 
the SGLT2-I and non-SGLT2-I groups exhibited 
a deterioration rate of 13.6% (6/44) and 31.8% 
(14/44), respectively (p = 0.07) [Figure 5(b)].

Discussion
Current treatment guidelines established by the 
ADA and the EASD recommend metformin as 
the first-line treatment for T2DM.8 However, no 
meta-analysis has conclusively demonstrated that 

Figure 2. Changes from baseline in (a) body weight, (b) alanine aminotransferase (ALT), (c) hemoglobin A1c 
(HbA1c), (d) uric acid in patients treated with sodium-glucose cotransporter 2 inhibitor for 48 weeks.
Error bars show the interquartile range.
** p < 0.001 versus baseline.
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metformin effectively improves liver inflamma-
tion and fibrosis in patients with NAFLD.33–36 
Similarly, although DPP4 inhibitors have been 
widely used as the second-line treatment for 
T2DM, no conclusion has been reached regard-
ing their effectiveness in improving liver pathol-
ogy in patients with NAFLD.9,10 In contrast, 
SGLT2-Is have been reported to improve not 
only glycemic control but also liver inflammation 
and fatty changes in patients with NAFLD and 
T2DM,18–30 with studies showing SGLT-2-I as a 
novel therapeutic drug for such patients. However, 
most reports had a limited number of cases and/
or short treatment durations (within 24 weeks). 
The current study showed that SGLT2-I 
improved glycemic control, decreased body 
weight, and reduced liver inflammation early after 
the initiation of administration in 56 patients with 
NAFLD who had T2DM, a finding consistent 
with that presented in previous reports.

18–21,26 
Improvements in these various parameters were 
observed with or without other OHAs prior to 
administration of SGLT2-I.

Moreover, after PS matching method to adjust 
for baseline characteristics in the SGLT2-I and 
non-SGLT2-I groups, our results showed a simi-
lar reduction in HbA1c between the two groups. 
In fact, it has been reported that SGLT2-I pro-
vides an equivalent or better improvement in gly-
cemic control compared with other OHAs, such 
as metformin, sulfonylurea, and DPP4 inhibi-
tors.37–39 However, the SGLT2-I group exhibited 
a significant decrease in body weight, ALT, uric 
acid, and FIB-4 index, whereas the non-SGLT2-
I group, which mainly received metformin and 
DPP4 inhibitors, showed no such decrease. These 
additional effects of SGLT2-I suggest that it may 
serve as the first-line treatment for patients with 
NAFLD who have T2DM.

It is worth noting that the current study investi-
gated the influence of SGLT2-I on liver fatty 
infiltration and fibrosis using transient elastogra-
phy. While some studies utilized magnetic reso-
nance imaging-proton density fat fraction to 
determine the liver fat-decreasing effect of 

Figure 3. Changes from baseline in (a) controlled attenuation parameter (CAP), (b) liver stiffness 
measurement (LSM), (c) Fibrosis-4 (FIB-4) index.
Error bars show the interquartile range.
*p < 0.01, **p < 0.001 versus baseline.
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Figure 4. Correlation between body weight changes from baseline to 48 weeks after sodium-glucose 
cotransporter 2 inhibitor treatment and (a) alanine aminotransferase (ALT), (b) controlled attenuation 
parameter (CAP), (c) liver stiffness measurement (LSM); correlation between hemoglobin A1c (HbA1c) 
changes, (d) ALT, (e) CAP, and (f) LSM.

Table 2. Treatment effects of SGLT2-I in patients who received SGLT2-I as a first-line drug and those who received SGLT2-I in 
addition to other oral hypoglycemic agents.

Factors SGLT2-I as a first-line drug  
n = 28

SGLT2-I additionally administered  
n = 28

 Baseline 48 weeks p value Baseline 48 weeks p value

Body weight, kg 79.0 (69.5, 89.9) 73.5 (67.4, 81.8) <0.001 77.5 (65.5, 84.3) 75.5 (60.3, 84.8) 0.005

ALT, U/L 66 (47, 97) 35 (24, 58) <0.001 45 (30, 73) 31 (24, 57) 0.002

Uric acid, mg/dL 5.2 (4.4, 5.8) 4.1 (3.7, 4.8) <0.001 5.3 (4.4, 5.9) 4.6 (4.2, 5.5) 0.01

HbA1c, % 7.3 (6.8, 7.9) 6.6 (6.4, 7.1) <0.001 7.6 (7.2, 8.6) 6.9 (6.3, 7.3) <0.001

CAP, dB/m 312 (288, 345) 292 (256, 307) <0.001 312 (276, 351) 279 (210, 319) <0.001

LSM, kPa 9.3 (6.4, 14.4) 7.1 (5.4, 10.1) 0.001 8.9 (6.1, 14.7) 6.1 (4.8, 12.9) 0.15

Data are expressed as median (interquartile range).
ALT, alanine aminotransferase; CAP, controlled attenuation parameter; HbA1c, hemoglobin A1c; LSM, liver stiffness measurement;  
SGLT2-I, sodium-glucose cotransporter 2 inhibitor.
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Table 3. Comparison of characteristics between SGLT2-I and non-SGLT2-I groups after propensity score matching.

Factors SGLT2-I group
n = 44

Non-SGLT2-I group
n = 44

p value

Age, years 61 (31–77) 62 (29–87) 0.640

Gender, male/female 25/19 22/22 0.669

Body weight, kg 78.0 (50.0–110.0) 72.5 (43.0–126.9) 0.335

BMI, kg/m2 28.4 (21.9–37.9) 27.9 (20.7–44.9) 0.773

Platelets, ×103/mm3 197 (66–378) 199 (86–331) 0.930

AST, U/L 47 (15–140) 44 (15–101) 0.993

ALT, U/L 52 (16–143) 55 (15–142) 0.947

γ-GTP, U/L 52 (16–396) 47 (14–193) 0.580

Serum albumin, g/dL 4.3 (3.4–4.8) 4.3 (3.7–5.1) 0.630

LDL cholesterol, mg/dL 121 (41–190) 124 (55–204) 0.557

HDL cholesterol, mg/dL 49 (34–79) 48 (28–90) 0.551

Triglyceride, mg/dL 133 (58–602) 141 (61–654) 0.673

Uric acid, mg/dL 5.3 (2.4–8.0) 5.4 (3.3–7.4) 0.838

Plasma glucose, mg/dL 153 (103–384) 148 (94–295) 0.676

HbA1c, % 7.6 (6.2–12.6) 7.6 (5.7–11.6) 0.940

Newly administered drug Canagliflozin 23 (52.3%) DPP4 inhibitors 25 (56.8%)  

 Ipragliflozin 9 (20.5%) Metformin 14 (31.8%)  

 Tofogliflozin 4 (9.1%) α-glucosidase inhibitor 2 (4.5%)  

 Dapagliflozin 4 (9.1%) Pioglitazone 2 (4.5%)  

 Luseogliflozin 3 (6.8%) Glinide 1 (2.3%)  

 Empagliflozin 1 (2.3%)  

Concomitant antidiabetic drugs Sulfonylurea 3 (6.8%) Sulfonylurea 5 (11.4%)  

 α-glucosidase inhibitor 2 (4.5%) α-glucosidase inhibitor 2 (4.5%)  

 Metformin 10 (22.7%) Metformin 11 (25.0%)  

 DPP4 inhibitors 21 (47.7%) DPP4 inhibitors 11 (25.0%)  

 None 21 (47.7%) Pioglitazone 1 (2.3%)  

 None 18 (40.9%)  

FIB-4 index 1.82 (0.69–7.04) 1.82 (0.64–6.60) 0.582

Categorical variables are given as numbers (percentages). Continuous variables are given as medians (ranges).
γ-GTP, gamma glutamyl transpeptidase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DPP4, dipeptidyl 
peptidase-4; FIB-4, Fibrosis-4; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SGLT2-I; sodium-glucose 
cotransporter 2 inhibitor.
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SGLT2-I,25,26 others confirmed this using liver 
biopsy specimens in a limited number of 
patients.22,23 The present study observed a signifi-
cant correlation between changes in liver fat (i.e. 
CAP) and body weight. Indeed, one study 

reported that a weight loss of 3–5% improved 
fatty changes in the liver of patients with 
NAFLD.40 Meanwhile, other studies reported 
that SGLT2-I improved liver inflammation and 
decreased liver fat regardless of weight loss25,41 

Table 4. Comparison of treatment effects between the SGLT2-I and non-SGLT2-I groups.

Factors SGLT2-I group  
n = 44

Non-SGLT2-I group  
n = 44

p value*

 Baseline 48 weeks Change p value Baseline 48 weeks Change p value  

Body 
weight, kg

78.0 (68.5, 85.5) 74.5 (66.3, 84.0) −2.0 (−4.5, −0.3) <0.001 72.5 (61.5, 82.7) 71.7 (58.9, 83.0) 0.0 (−1.0, 1.4) 0.91 <0.001

ALT, U/L 52 (33, 73) 32 (24, 57) −15 (−32, −2) <0.001 55 (35, 81) 49 (30, 72) −4 (−18, 5) 0.16 0.02

Uric acid,  
mg/dL

5.3 (4.4, 6.1) 4.5 (4.0, 5.0) −0.9 (−1.2, −0.1) <0.001 5.4 (4.7, 6.0) 5.4 (4.8, 5.8) 0.2 (−0.3, 0.6) 0.07 <0.001

HbA1c, % 7.6 (7.1, 8.3) 6.7 (6.4, 7.3) −0.7 (−1.6, −0.3) <0.001 7.6 (7.2, 8.2) 6.9 (6.6, 7.4) −0.5 (−1.1, −0.1) <0.001 0.14

FIB-4 
index

1.82 (1.24, 2.76) 1.81 (1.08, 2.40) −0.23 (−0.47, 0.01) 0.002 1.82 (1.15, 2.66) 1.55 (1.29, 2.60) −0.02 (−0.12, 0.16) 0.99 0.01

Data are expressed as median (interquartile range).
*p-values between changes observed in the SGLT2-I and non-SGLT2-I groups.
ALT, alanine aminotransferase; FIB-4, Fibrosis-4; HbA1c, hemoglobin A1c; SGLT2-I, sodium-glucose cotransporter 2 inhibitor.

Figure 5. (a) Improvement and (b) deterioration rates for Fibrosis-4 index (FIB-4 index) 48 weeks after 
administration of an add-on oral hypoglycemic agent. Improvement in FIB-4 index was defined as a ⩾10% 
decline in FIB-4 index from baseline at week 48. Deterioration of FIB-4 index was defined as a ⩾10% increase 
in FIB-4 index from baseline at week 48.
SGLT2-I, sodium-glucose cotransporter 2 inhibitor.
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possibly through the following mechanisms: (1) 
the SGLT2-I-induced improvement in hypergly-
cemia and insulin resistance suppresses lipolysis 
of adipocytes, thereby inhibiting ectopic fat accu-
mulation in the liver41 and (2) β oxidation in the 
liver and very low-density lipoprotein secretion 
into the circulation are promoted through upreg-
ulation of the carnitine palmitoyltransferase 1a, 
peroxisome proliferator-activated receptor-α, and 
microsomal triglyceride transfer protein genes in 
hepatocytes.25,42 Indeed, the present study found 
that some patients without weight loss exhibited 
improvements in liver inflammation and CAP.

The effect of SGLT2-I on liver fibrosis in patients 
with NAFLD remains unclear. Liver biopsy- 
confirmed improvements in liver fibrosis was 
reported in five patients receiving canagliflozin 
for 24 weeks22 and nine patients receiving empa-
gliflozin for 24 weeks.23 Although liver biopsy 
remains the gold standard for evaluating liver 
fibrosis, such a procedure is invasive, laborious, 
and occasionally risky. Therefore, the current 
study evaluated the effects of SGLT2-I on liver 
fibrosis using transient elastography, which has 
been considered useful in evaluating liver fibrosis 
in patients with NAFLD.43–46 However, previ-
ously reported results have been contradictory 
such that one study showed no significant change 
in LSM in 20 patients receiving SGLT2-I (mostly 
ipragliflozin) for 48 weeks,24 whereas another 
revealed that LSM tended to decrease in 33 
patients receiving dapagliflozin for 24 weeks, with 
such a tendency being stronger in patients with 
advanced liver fibrosis.28 The results obtained in 
the present study were comparable to and sup-
ported the findings of the latter study.

There are some limitations in the current study. 
First, histological evaluation through liver biopsy, 
which remains the gold standard for definitively 
diagnosing NAFLD, was not performed. 
However, liver biopsy is invasive and difficult to 
perform repeatedly in the same patient. Given 
that liver fibrosis has been reported to be the most 
important factor for the prognosis of patients with 
NAFLD,47–49 we herein evaluated liver fibrosis 
using transient elastography instead of liver biopsy 
and demonstrated that SGLT2-I improved liver 
fibrosis. Second, considering that this was a retro-
spective observational study, complete removal of 
biases other than the matched factors is impossi-
ble. Third, we could not evaluate adverse events 

in this study. This study was targeted to patients 
who were able to receive OHAs for 48 weeks. At 
least, basically, there were no severe adverse 
events in this study. Finally, given that T2DM 
treatment was determined by each physician, 
decisions were not made based on unified treat-
ment criteria.

In conclusion, the present study demonstrated 
that SGLT2-I administration improved not only 
glycemic control but also liver fatty infiltration 
and fibrosis in patients with NAFLD and T2DM, 
suggesting that SGLT2-I may be superior to 
other OHAs in improving liver histology.
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