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ABSTRACT
Introduction  The treatment of diabetes has a 
significant impact on the pathogenesis of non-
alcoholic fatty liver disease (NAFLD). We compared 
the effectiveness of tofogliflozin, a selective sodium-
glucose cotransporter 2 inhibitor, and pioglitazone for 
the treatment of NAFLD patients with type 2 diabetes 
mellitus.
Research design and methods  This open-label, 
prospective, single-center, randomized clinical trial 
recruited NAFLD patients with type 2 diabetes mellitus 
and a hepatic fat fraction of at least 10% as assessed 
based on the MRI-proton density fat fraction (MRI-
PDFF). Eligible patients were stratified according 
to hemoglobin A1c (HbA1c), alanine transaminase, 
and MRI-PDFF levels and randomly assigned (1:1) 
to receive either 20 mg tofogliflozin or 15–30 mg 
pioglitazone, orally, once daily for 24 weeks. The 
primary endpoint was an absolute change in MRI-PDFF 
at 24 weeks. Efficacy and safety was assessed in all 
treated patients. This trial was registered in the Japan 
Registry of Clinical Trials.
Results  Overall, 40 eligible patients were randomly 
assigned to receive tofogliflozin (n=21) or pioglitazone 
(n=19). Changes in hepatic steatosis after 24 
weeks of treatment were evaluated by MRI-PDFF, 
which showed a significant decrease in both groups 
(−7.54% (p<0.0001) and −4.12% (p=0.0042) in the 
pioglitazone and tofogliflozin groups, respectively). 
Compared with baseline, the body weight decreased 
by 2.83±2.86 kg (−3.6%, p=0.0443) in the tofogliflozin 
group and increased by 1.39±2.62 kg (1.7%, 
p=0.0002) in the pioglitazone group after 24 weeks. 
No life-threatening events or treatment-related deaths 
occurred.
Conclusions  Tofogliflozin was well tolerated, and it 
reduced the MRI-PDFF levels in NAFLD patients with 
type 2 diabetes mellitus.
Trial registration number  jRCTs031180159.

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is 
the most common liver disease, with a prev-
alence rate of 25.2% globally and 29.6% in 

Significance of this study

What is already known about this subject?
►► Pioglitazone is the gold-standard pharmacothera-
py for non-alcoholic steatohepatitis patients with 
type 2 diabetes mellitus (T2DM) based on current 
guidelines.

►► Sodium-glucose cotransporter 2 (SGLT2) inhibitors 
have become candidate therapeutic agents for non-
alcoholic fatty liver disease (NAFLD) patients with 
diabetes mellitus.

What are the new findings?
►► This randomized prospective open-label controlled 
trial is the first report to investigate the efficacy of 
tofogliflozin in NAFLD patients with T2DM.

►► Treatment with tofogliflozin for 24 weeks was ef-
fective in improving hepatic steatosis to low-dose 
pioglitazone without statistical significance.

►► Pioglitazone significantly improved MR elastography-
liver stiffness measurement (MRE-LSM), whereas 
tofogliflozin did not decrease MRE-LSM during the 
24-week treatment.

How might these results change the focus of 
research or clinical practice?

►► SGLT2 inhibitors including tofogliflozin can be poten-
tial candidates for treatment of patients with NAFLD 
with T2DM as they can simultaneously improve hy-
perglycemia and decrease body weight efficiently.
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Asia.1 2 NAFLD is a reflection of adipose tissue dysfunc-
tion and insulin resistance and is associated with other 
risk factors for metabolic syndrome.1 3–6 NAFLD is asso-
ciated with worse insulin resistance and worse glucose 
tolerance.7 NAFLD is both a liver-specific disease and 
an early mediator of several diseases. The prevalence of 
comorbidities associated with NAFLD has been reported 
to be 51%, 23%, 69%, 39%, and 43% for obesity, type 
2 diabetes mellitus, hyperlipidemia, hypertension, and 
metabolic syndrome, respectively.1 It is also an indepen-
dent risk factor for cardiovascular events closely associ-
ated with the life expectancy of patients with diabetes.8 
Metabolic disorders such as lipid accumulation, insulin 
resistance, and inflammation have been implicated in the 
pathogenesis of NAFLD, but the underlying mechanisms, 
including those that drive disease progression, are not 
fully understood.9 10

There are several types of antidiabetic drugs: insulin 
sensitizers (metformin and pioglitazone), insulin secret-
agogues (sulfonylureas, dipeotidyl peptidase-4 inhibitors, 
and glucagon-like peptide-1 (GLP-1) receptor agonists), 
and glucose absorption and secretion modulators (alpha-
glucosidase inhibitors and sodium-glucose cotransporter 
2 (SGLT2) inhibitors). Insulin therapy and sulfonylureas 
are not considered effective in NAFLD activity or fibrosis; 
therefore, they have not been carefully studied.11 In the 
USA, metformin is recommended as a first-line drug for 
diabetes,12 but metformin-induced histological improve-
ment of NAFLD has not been demonstrated.10 Pioglita-
zone is the gold-standard pharmacotherapy for patients 
with type 2 diabetes mellitus and non-alcoholic steatohep-
atitis (NASH) based on current guidelines (eg, Japanese 
Society of Gastroenterology 201513; EASL-EASO-EASD 
20169; and AASLD 201810). Several large-scale random-
ized controlled trials have reported the effectiveness of 
pioglitazone in treating NASH14–17; it has also been shown 
to improve markers of hepatic steatosis and fibrosis on 
liver histology.10 17 However, pioglitazone should be used 
with caution in patients with severe obesity, diastolic 
dysfunction, congestive heat failure, edema, or history of 
osteoporosis or bladder cancer.18

SGLT2 inhibitors prevent glucose reabsorption in 
the proximal tubule, thereby leading to glucosuria and 
plasma glucose reduction. SGLT2 inhibitors also have 
cardio-protective or renal-protective effects19 and are 
being actively investigated for their therapeutic effects in 
NAFLD with type 2 diabetes mellitus. Several randomized, 
double-blind, placebo-controlled trials have investigated 
the effects of SGLT2 inhibitors such as empaglifozin,20 
dapaglifozin,21 22 and canagliflozin23 in NAFLD patients 
with type 2 diabetes mellitus. For ipragliflozin and 
luseogliflozin, effectiveness has also been reported in a 
small number of open-label studies.24 25 To the best of our 
knowledge, however, no retrospective study or prospec-
tive trial has investigated the efficacy of tofogliflozin in 
NAFLD patients with type 2 diabetes mellitus.

In the present study, we compared the effectiveness of 
tofogliflozin and pioglitazone for the treatment of NAFLD 

patients with type 2 diabetes mellitus (ToPiND study). 
The efficacy of these drugs in improving hepatic steatosis 
was assessed by biochemical tests and MRI for estimating 
the proton density of the fat fraction (PDFF) of the liver, 
as this is the most reliable technique for steatosis quanti-
fication.20–22 26 We additionally evaluated liver fibrosis by 
assessing the expression of hepatic fibrosis markers and 
measuring liver stiffness by MR elastography-liver stiff-
ness measurement (MRE-LSM). We also evaluated other 
metabolic and oxidative stress factors and compared the 
safety of tofogliflozin with that of pioglitazone for treating 
NAFLD patients with diabetes.

RESEARCH DESIGN AND METHODS
Study design and patients
This open-label, prospective, single-center, randomized 
study compared the effectiveness of tofogliflozin and 
pioglitazone in treating hepatic steatosis in patients with 
NAFLD and type 2 diabetes mellitus, over 24 weeks.27 
The study protocol complied with the principles of the 
Declaration of Helsinki and the Ethics Guidelines for 
Clinical Research published by the Ministry of Health, 
Labour, and Welfare of Japan. This trial was registered 
in the Japan Registry of Clinical Trials. The trial results 
have been reported in accordance with the Consolidated 
Standards of Reporting Trials 2010 guidelines.

Adult patients with NAFLD and type 2 diabetes mellitus 
(age range: 20–74 years) with hemoglobin A1c (HbA1c) 
≥6.5% (48 mmol/mol) and alanine transaminase (ALT) 
levels beyond the institutional standard level (42 IU/L 
for men and 23 IU/L for women), who had undergone 
diet and exercise therapies for ≥12 weeks, were enrolled. 
Details of the inclusion and exclusion criteria are shown 
in online supplemental table S1. The use of other 
SGLT2 inhibitors, thiazolidinedione, insulin, and GLP-1 
receptor agonists was prohibited during the observation 
period. Use of vitamin E was also prohibited during the 
randomization period, as it is an antioxidant, and has 
been recommended by several guidelines for treating 
nondiabetic adults with NASH.9 10 13 In principle, changes 
in the medication for diabetes mellitus, including adding, 
discontinuing, or changing the dosage, were not allowed 
throughout the study period. Patients were treated with 
either tofogliflozin 20 mg or pioglitazone 15–30 mg once 
a day for 24 weeks.

The flow chart of the study is shown in online supple-
mental figure S1. The study recruited 40 adult patients 
from the Yokohama City University Hospital. All patients 
provided written informed consent before participation 
in the study.

Randomization
The patients underwent screening to ensure that they 
fulfilled the inclusion criteria and did not meet any of the 
exclusion criteria (online supplemental table S1). The 
principal investigator or coinvestigator completed the 
patient enrollment form for eligible patients (primary 

https://dx.doi.org/10.1136/bmjdrc-2020-001990
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registration), following which, patients with ≥10% liver 
fat content on MRI-PDFF were randomly assigned to 
the tofogliflozin or pioglitazone group, stratified by 
HbA1c levels (<7% and ≥7.0%), ALT levels (<50 IU/L 
and ≥50 IU/L), and MRI-PDFF values (<20% and ≥20%) 
(definitive registration). Eligible patients were randomly 
assigned equally (1:1) to receive 20 mg tofogliflozin or 
15–30 mg pioglitazone orally once daily. Randomization 
was performed using a computer-generated, centrally 
administered procedure and a minimization method. 
Patients were allocated to each treatment group through 
the central registration system; both the physician and 
patient were aware of the allocated treatment. To confirm 
adherence to the treatment regimen, the investigator or 
coinvestigator questioned patients at each visit on medi-
cation adherence.

Procedures
After randomization, patients were examined at weeks 
0 (the day before the first drug dose), 12, and 24, after 
having fasted for at least 8 hours. The diet was standardized 
according to the comprehensive lifestyle approach per 
guidelines.9 MRI-PDFF and MRE-LSM were performed 
at baseline and 24 weeks after treatment, and MRI-PDFF 
results were interpreted by an independent blinded liver 
specialist (KI) according to the method reported previ-
ously.28 MRI was performed using standardized instru-
ments at high field strength (Discovery MR750 3.0T, GE 
Healthcare, Japan), without oral or intravenous contrast. 
Physical examination and blood tests were performed 
before and at 12 and 24 weeks after drug administration.

Outcomes
The primary endpoint was change in hepatic steatosis 
evaluated using MRI-PDFF at 24 weeks; this was compared 
between patients treated with tofogliflozin and pioglita-
zone. The key secondary endpoint was change in ALT 
levels at 24 weeks after drug administration. Other 
secondary endpoints included adverse events (AEs), 
results of standard laboratory analysis, physical examina-
tion, and vital signs. Patients were examined at weeks 0, 
12, and 24 during the treatment. Body weight and body 
mass index (BMI) were measured at screening and at 
weeks 0, 12, and 24. Fasting liver enzymes, the lipid panel 
(ie, total cholesterol, low-density lipoprotein cholesterol, 
triglycerides, and high-density lipoprotein (HDL) choles-
terol), diabetes markers (ie, fasting blood sugar, HbA1c), 
and uric acid levels were measured at the Yokohama City 
University Hospital laboratory at weeks 0 and 24. Fibrosis 
markers (type IV collagen 7S and Wisteria floribunda 
agglutinin-positive Mac-2 binding protein (WFA-M2BP) 
glycosylation isomer), high sensitivity C reactive protein, 
and Uric 8-OHdG, which is one of the major forms 
of DNA damage induced by reactive oxygen species, 
adiponectin, and ketone body fraction (acetoacetic acid 
and 3-hydroxybutyric acid), were measured by a local 
laboratory (SRL, Tokyo, Japan) at weeks 0 and 24. The 
scoring system (Fibrosis-4 (FIB-4)) for fibrosis markers 

was calculated in post hoc analyses (online supplemental 
table S2).

Adverse events
All AEs that occurred during the study were recorded in a 
case report form, which included information regarding 
the symptom/disease, its onset and end date, severity 
and seriousness, investigator’s opinion of the association 
with tofogliflozin/pioglitazone treatment, action taken 
regarding tofogliflozin/pioglitazone usage and AE treat-
ment, cause of the event, and resolution/outcome. AEs 
were followed-up until they were normalized or achieving 
normalization. In cases where the AE was irreversible, it 
was followed-up until the symptoms were stable. If the 
investigator or co-investigator judged the AE as recov-
ered or considered it to have no association with the 
study outcomes, it was not followed-up similarly, and the 
reasons were mentioned in the medical records.

Criteria for discontinuation of treatment
Treatment was discontinued if the HbA1c level increased 
by >1.0% after initiation of medication, aspartate trans-
aminase (AST) or ALT increased by >3 fold of that before 
medication, the patient became ineligible for the trial, 
medication compliance was  <75%, continuous medical 
examination became challenging due to severe AEs, and 
in case of pregnancy. Treatment was also discontinued if 
the participant requested discontinuation, use of medi-
cation had to be combined with prohibited medicine 
because of deterioration of the primary disease or its 
complications, or if the doctor decided that discontinua-
tion was appropriate for other reasons.

Gene test
The investigators collected the blood samples at any time 
from definitive registration to 48 weeks after the treat-
ment regimen to confirm genetic polymorphisms of 
PNPLA3 and TM6SF29 by real-time PCR.

Statistical analyses
Sample size calculation was performed to ensure satisfac-
tory power for the analysis of variance F-test. Assuming 
the mean change in MRI-PDFF in the tofogliflozin and 
pioglitazone groups to be −4.9% and −6.7%, respec-
tively,29 with a common SD of 2.0, the required minimum 
number of patients per group with a power of 80% and 
a two-sided significance level of 5% was calculated to be 
20. Per protocol set (PPS) analyses were performed to 
evaluate the primary and secondary endpoints. The full 
analysis set (FAS) used the intention-to-treat population; 
the analysis included patients who had been registered 
in this study and assigned to the drug group. Those with 
serious violations of the research plan (eg, not obtaining 
consent and registration date beyond the registration 
period) were excluded. During PPS analysis, we excluded 
patients with serious violations of inclusion and exclusion 
criteria, patients using prohibited drugs, and those with 
a compliance rate of >120% or<75% from the FAS popu-
lation. The data of the remaining patients were analyzed.

https://dx.doi.org/10.1136/bmjdrc-2020-001990
https://dx.doi.org/10.1136/bmjdrc-2020-001990
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The patients who had registered in the study, started 
treatment as assigned, and undergone part of or all treat-
ment comprised the target population for safety analysis. 
The statistical significance of the change between the 
groups was evaluated for the endpoints. The null hypoth-
esis was an equal change in liver fat content in both 
groups. This was tested using analysis of covariance by 
defining the groups as fixed effects and stratified factors 
(HbA1c, ALT, and MRI-PDFF) as covariates. Additionally, 
descriptive statistics (number of cases, average value, SD, 
minimum value, median value, and maximum value) of 
changes at 24 weeks of medication were calculated. The 
two-sided level of significance was set at 5%.

Medical statisticians developed a statistical analysis plan 
and specified the details of statistical methods to be used 
for data handling. The plan was prepared before data 
collection.

Furthermore, the frequencies of the genotypes and 
alleles were compared between the groups in three 
different modes using the χ2 test. In the genotype mode, 
the differences in genotype were compared between 
cases and controls using a 3×2 contingency table. In the 
allele frequency mode, allele frequencies were compared 
between cases and controls using a 2×2 contingency 
table. JMP Pro version 15.0 was used for performing all 
analyses.

RESULTS
Patient baseline characteristics
Between 30 March 2018 and 13 December 2019, 42 
patients were screened, and 40 eligible patients were 
randomly assigned to receive tofogliflozin 20 mg (n=21) or 
pioglitazone 15–30 mg (n=19). Figure 1 shows the outline 
of the trial; 38 patients completed the trial (tofogliflozin 
group: n=21; pioglitazone group: n=17). In pioglitazone 
group, 15 out of 17 received pioglitazone 15 mg and the 

other two received pioglitazone 30 mg. The mean dose 
of pioglitazone at 24 weeks was 16.8 mg/day. Adherence 
in those who completed the trial was 100% in both the 
pioglitazone and tofogliflozin groups. Table 1 shows the 
demographic and baseline characteristics of the partici-
pants. The mean age was 58.6±10.3 years, mean HbA1c 
was 7.1%±0.77%, and mean BMI was 30.0±4.76 kg/m2.

Changes in MRI-PDFF and liver tests
Changes in hepatic steatosis after 24 weeks of pioglita-
zone and tofogliflozin treatment were evaluated using 
MRI-PDFF, which decreased significantly by 7.54% 
(p<0.0001) and 4.12% (p=0.0042) in the pioglitazone 
and tofogliflozin groups, respectively (figure  2A). No 
significant differences were observed between the groups 
with respect to relative change (variation/baseline) 
(p=0.0638) (figure  2B). Additionally, the level of ALT 
showed a significant reduction at 24 weeks compared 
with that at baseline by −33.8 IU/mL (p<0.0001) and 
−23.3 IU/mL (p=0.0115) in the pioglitazone and tofogli-
flozin groups, respectively (figure 2C). The level of AST 
also showed a significant reduction at 24 weeks compared 
with that at baseline by −27.9 IU/mL (p=0.0014) and 
−15.7 IU/mL (p=0.0016) in the pioglitazone and tofogli-
flozin groups, respectively (figure  2D). No significant 
differences of AST and ALT were observed between the 
groups. Similarly, γ-glutamyl transpeptidase (GGT) levels 
improved significantly in both groups, and the differ-
ence was not significant between the groups (p=0.1244). 
Alkaline phosphatase levels decreased significantly in 
the pioglitazone group but not in the tofogliflozin group 
(p=0.0389, table 2).

Changes in liver fibrosis indicators
Changes in liver stiffness after 24 weeks of pioglitazone 
and tofogliflozin treatment were evaluated using MRE-
LSM, which showed a reduction of 0.34 kPa (p=0.0443) 

Figure 1  Outline of the trial.
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and 0.14 kPa (p=0.1447) in the pioglitazone and 
tofogliflozin groups, respectively. Although MRE-LSM 
decreased in both groups, the change was significant 
only in the pioglitazone group. No significant differ-
ence was observed at 24 weeks of treatment between the 
groups (p=0.2154) (figure  2E,F). Furthermore, there 
were no significant differences in the FIB-4 index and 
type IV collagen 7S between baseline and post-treatment 
in both groups (FIB-4 index: p=0.1595 and p=0.1483 in 
the pioglitazone and tofogliflozin groups, respectively; 
type IV collagen 7S: p=0.8480 and p=0.2577 in the piogl-
itazone and tofogliflozin groups, respectively). A signif-
icant decrease in WFA+-M2BP was observed at 24 weeks 
compared with that at baseline in both treatment groups 

(p=0.0092 and p=0.0130 in the pioglitazone and tofogli-
flozin groups, respectively, table 2).

Changes in glycemic and metabolic parameters
HbA1c improved significantly in both groups 
(p=0.0003 and p=0.0013 in the pioglitazone and tofogli-
flozin groups, respectively), and the difference was not 
significant between the groups (p=0.1052) (table  2). 
Additionally, HDL increased significantly by 9.7 mg/
dL (p<0.0001) and 2.9 mg/dL (p=0.0441) in the piogl-
itazone and tofogliflozin groups, respectively, at the 
end of 24 weeks. Significant elevation was observed in 
the pioglitazone group compared with the tofogliflozin 
group (p=0.0037) (table  2, figure  3A). Triglyceride 

Table 1  Baseline characteristics of the intention-to-treat population

Pioglitazone group (n=19) Tofogliflozin group (n=21) P value

Age (years) 58.8±8.1 58.4±12.2 0.8901

Men, n (%) 8 (42.1) 13 (61.9) 0.3419

Weight (kg) 80.3±3.4 77.8±3.2 0.5854

BMI (kg/m2) 30.8±1.1 29.4±1.0 0.3513

Waist circumference (cm) 104.8±10.3 100.3±10.3 0.1712

Albumin (g/dL) 4.41±0.19 4.43±0.26 0.7543

AST (IU/mL) 64.0±38.1 54.0±22.9 0.3137

ALT (IU/mL) 79.3±26.8 84.0±39.6 0.6670

ALP (IU/mL) 261.6±82.5 248.9±70.7 0.6025

GGT (IU/mL) 92.4±109.5 66.2±26.1 0.2948

CHE (IU/mL) 377.5±48.9 379.4±41.9 0.8950

Creatinine (mg/dL) 0.76±0.04 0.75±0.04 0.8393

eGFR (mL/min/1.73 m2) 71.2±10.8 78.1±15.4 0.1118

FPG (mg/dL) 145.7±39.2 144.5±50.2 0.9334

HbA1c (%(mmol/mol)) 7.06±0.64
(53.7±7.0)

7.22±0.88
(55.4±9.6)

0.5302

Total cholesterol (mg/dL) 192.5±35.6 188.9±33.0 0.7440

Triglycerides (mg/dL) 158.4±55.0 152.1±63.4 0.7432

HDL cholesterol (mg/dL) 54.1±15.7 56.2±12.2 0.6392

LDL cholesterol (mg/dL) 114.1±32.4 111.4±28.0 0.7808

Systolic blood pressure (mm Hg) 138.9±21.8 131.7±12.5 0.2035

Diastolic blood pressure (mm Hg) 85.8±13.4 83.6±10.9 0.5669

Uric acid (mg/dL) 5.77±1.26 5.70±1.06 0.8425

Platelet count (×103/μL) 231.6±63.6 247.3±61.9 0.4340

Medication of diabetes (n)

Metformin 3 8

DPP-4 inhibitor 5 6

Sulfonylurea 1 4

Alpha-GI 0 1

Data are presented as mean±SD.
ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; CHE, cholinesterase; DPP-
4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; GGT, γ-glutamyl transpeptidase; GI, 
glucosidase inhibitor; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; LDL, low density lipoprotein.
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levels decreased significantly in the pioglitazone group 
(p=0.0093) but not in the tofogliflozin group (p=0.6423). 
There was a significant difference in treatment effect 
between the groups at 24 weeks (p=0.0219) (table  2, 
figure 3B). Uric acid levels decreased significantly in the 
tofogliflozin group (p=0.0004) but not in the pioglita-
zone group (p=0.2459). The difference was significant 
between the groups (p=0.0336) (table 2).

Changes in oxidative stress, adiponectin, CK-18 fragment, 
and pro-ketogenic markers
The urine 8-OHdG level decreased significantly in the 
tofogliflozin group (p=0.0005) but not in the piogl-
itazone group (p=0.1138). The difference between 
the groups was not significant at 24 weeks (p=0.2058) 
(table 2). Adiponectin, a key adipocytokine in metabolic 
syndrome, increased significantly in the pioglitazone 
group (p=0.0003) but not in the tofogliflozin group 
(p=0.1100), and the change was significant between 
the groups (p<0.0001) (table 2, figure 3D). The CK-18 
fragment M30 antigen, which correlates with the magni-
tude of hepatocyte apoptosis and independently predicts 
the presence of NASH, decreased significantly in both 
groups (p=0.0007 and p=0.0048 for the tofogliflozin and 
pioglitazone groups, respectively), but the difference was 
not significant between the groups (p=0.2345) (table 2).

The ketone bodies, acetoacetate, and 3-hydroxybutyrate 
increased significantly in the tofogliflozin group (aceto-
acetic acid: p=0.0363; 3-hydroxybutyrate: p=0.0308) but 
did not change in the pioglitazone group, and the differ-
ence between the groups was not significant (table 2).

Adverse events
There was a case of severe edema and an unexpected 
discovery of thyroid cancer (12 and 8 weeks after starting 
pioglitazone, respectively) in the pioglitazone group. 
AEs such as edema and/or weight gain of ≥3% occurred 
in 31.6% (6/19) of patients in the pioglitazone group, 
whereas only one case of urinary tract infection (4.8%) 
was observed in the tofogliflozin group (online supple-
mental table S3). One patient in the pioglitazone group 
discontinued treatment because of severe edema. No life-
threatening events or treatment-related deaths occurred 
during the study in either group.

Compared with the baseline, the body weight 
decreased significantly by 2.83±2.86 kg (−3.6% from 
baseline) in the tofogliflozin group (p=0.0002) and 
increased significantly by 1.39±2.62 kg (1.7%) in 
the pioglitazone group after 24 weeks of treatment 
(p=0.0443) (figure  3D); the change was significant 
between the groups (p<0.0001)

Figure 2  (A) Baseline and post-treatment changes in liver fat at 24 weeks in the pioglitazone and tofogliflozin groups 
assessed by MRI-PDFF. (B) Relative changes in MRI-PDFF (variation/baseline) in the pioglitazone and tofogliflozin groups. 
(C) Changes in aspartate aminotransferase (AST) over time in the pioglitazone and tofogliflozin groups. (D) Changes in 
alanine transaminase (ALT) over time in the pioglitazone and tofogliflozin groups. (E) Baseline and post-treatment changes in 
liver fat at 24 weeks in the pioglitazone and tofogliflozin groups assessed by MRE-LSM. (F) Relative changes in MRE-LSM 
(variation/baseline) in the pioglitazone and tofogliflozin groups. LSM, liver stiffness measurement; MRE, magnetic resonance 
elastography; MRI-PDFF, MRI for estimating the proton density of the fat fraction of the liver.

https://dx.doi.org/10.1136/bmjdrc-2020-001990
https://dx.doi.org/10.1136/bmjdrc-2020-001990
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PNPLA3 and TM6SF2 analysis
PNPLA3 genotyping was performed in the pioglitazone 
group (CC (n=2), CG (n=8), and GG (n=7)) and tofogli-
flozin group (CC (n=5), CG (n=8), and GG (n=8)). 
There was no difference in both, the genotype and allele 
frequency of PNPLA3 between the groups.

TM6SF2 genotyping was performed in the pioglitazone 
(CC (n=14), CT (n=3), and TT (n=0)) and tofogliflozin 
groups (CC (n=17), CG (n=3), and GG (n=1)). There 
was no difference in the genotype of TM6SF2 between 
the groups. Furthermore, no significant differences in 
the efficacy of treatment were observed in both groups 
after stratification based on PNPLA3 and TM6SF2 geno-
types (data not shown).

DISCUSSION
To our knowledge, this is the first study to investigate 
the effect of tofogliflozin on hepatic steatosis in NAFLD 
patients with type 2 diabetes mellitus. We found that both 
tofogliflozin and pioglitazone improved the primary 
endpoint (absolute change in MRI-PDFF), key secondary 
endpoint (absolute change in ALT level) and several 
other parameters after 24 weeks of treatment. This is an 
open-label design that involves an implicit bias by inves-
tigators as the focus of the study was on tofogliflozin. 
Open-label design could have contributed, for example, 
for the weight loss observed in that group which appears 
somewhat larger than with others of the class.18

Whereas pioglitazone is the only established diabetic 
medicine incorporated into treatment guidelines for 
NASH.9 10 13 SGLT2 inhibitors are a relatively new class 
of antidiabetic drugs that could play a potential role in 
the treatment of NASH.18 30 We used the SGLT2 inhib-
itor tofogliflozin; its half-life of 5.4 hours is much shorter 
than that of other SGLT2 inhibitors, such as ipragliflozin 
(14.97 hours), luseogliflozin (11.2 hours), empaglifozin 
(9.88 hours), dapaglifozin (12.1 hours), and canagliflozin 
(10.2 hours). The shorter half-life leads to quicker effects 
and less nocturnal side effects, such as hypoglycemia.31

The primary endpoint analysis demonstrated that 
both, tofogliflozin and pioglitazone, treatments 
improved hepatic steatosis in NAFLD patients, based 
on MRI-PDFF. PDFF, which is the fraction of MRI-visible 
protons bound to fat divided by all protons in the liver 
(bound to fat and water), is now considered to be the 
highest quality imaging technique for evaluating hepatic 
steatosis,28 32 and MRI-PDFF changes have been associ-
ated with changes in histological steatosis.33 In previous 
studies, which investigated the effect of SGLT2 inhibitors 
in NAFLD patients, the liver to spleen ratio on CT was 
used for evaluating hepatic steatosis in the open-label 
trial,24 and several recent placebo-controlled RCTs used 
MRI-PDFF for evaluating the effect of SGLT2 inhibitors 
on hepatic steatosis.20–22 The ALT level, the key secondary 
endpoint decreased in both treatment groups at a compa-
rable level. In previous reports, the reduction in liver fat 
with pioglitazone 45 mg/day is about 60%,14 17 while that 
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of SGLT2 inhibitors is 15%–20%.18 In this study, there was 
no statistically significant difference between low-dose 
pioglitazone and tofogliflozin group in the PDFF and 
ALT studies, but pioglitazone group tended to be more 
effective in hepatic steatosis. It must also be considered 
that the lack of statistically significant differences may be 
due to the small sample size. Furthermore, we evaluated 
the effects of tofogliflozin and pioglitazone on liver stiff-
ness using MRE, which is currently considered the most 
accurate non-invasive imaging method for the diagnosis 
of liver fibrosis.28 34 35 To our knowledge, this is the first 
study to evaluate the therapeutic effect of SGLT2 inhibi-
tors on hepatic stiffness using MRE. Pioglitazone signifi-
cantly improved MRE-LSM, whereas tofogliflozin did 
not decrease MRE-LSM during the 24-week treatment. 
Previous reports and the results of this study suggest 
that pioglitazone may be more effective in improving 
fibrosis. Due to the short duration of this study, the vari-
ation in MRE values may have been influenced by the 
changes fibrosis as well as steatosis and inflammation. 
CK-18 fragments, which are involved in the inflamma-
tory response and apoptosis in NAFLD patients,36 also 

showed a comparable ameliorative effect in both groups. 
Hepatic fibrosis was also evaluated by estimating fibrosis 
markers, including type IV collagen 7S and WFA+-M2BP. 
Both markers are clinically used for assessing the degree 
of liver fibrosis in NAFLD patients.37 38 No significant 
difference was observed in the level of type IV collagen 7S 
in both groups, whereas a significant decrease in WFA+-
M2BP was observed in both groups. It is possible that 
WFA+-M2BP, rather than type IV collagen 7S, reflected 
minor changes in fibrosis. Long-term testing is necessary 
when evaluating improvements in liver fibrosis.

Furthermore, both drugs showed a diabetes-
ameliorating effect, and there was no change between 
the groups. Pioglitazone treatment elevated the levels 
of adiponectin and HDL and lowered the level of 
triglycerides significantly compared with the tofogliflozin 
group; this may have been due to changes in adiponectin 
levels.39 This study reconfirmed that pioglitazone-treated 
patients clearly had a lowering of triglycerides, an increase 
in HDL, and an increase in adiponectin. These are 
important factors in the previously reported cardiovas-
cular disease (CVD)-preventive effect of pioglitazone.40 

Figure 3  (A) Baseline and post-treatment changes in HDL cholesterol at 24 weeks in the pioglitazone and tofogliflozin groups. 
(B) Baseline and post-treatment changes in triglycerides at 24 weeks in the pioglitazone and tofogliflozin groups. (C) Baseline 
and post-treatment changes in adiponectin at 24 weeks in the pioglitazone and tofogliflozin groups. (D) Changes in weight 
over time (baseline, 12 weeks and post-treatment (24 weeks)) in the pioglitazone and tofogliflozin groups. HDL, high-density 
lipoprotein.
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Uric acid levels were reduced only in the tofogliflozin 
group; SGLT2 inhibitors have a uric acid lowering effect 
and have been reported to cause gout less frequently 
than other antidiabetic drugs.41

Furthermore, tofogliflozin treatment caused an increase 
in acetoacetic acid and 3-hydroxybutyric acid levels that 
were not observed with pioglitazone treatment. SGLT2 
inhibitors have been reported to cause a high degree of 
glucosuria and calorie loss, releasing glucagon from the 
alpha cells of the pancreas; this exerts a positive alterative 
effect on the myocardium, thereby effectively improving 
heart failure.42 The production of 3-hydroxybutyric acid, 
a type of ketone body from the liver, increases with an 
increase in glucagon and a decrease in the insulin/
glucagon ratio. Under conditions of mild persistent 
hyperketonemia, such as during treatment with SGLT2 
inhibitors, 3-hydroxybutyric acid is freely taken up by 
the heart (among other organs) and oxidized in prefer-
ence to fatty acids.43 Given the suboptimal glycemic and 
cardiovascular risk control in type 2 diabetes, novel thera-
pies such as SGLT2 inhibitors seem to offer an important 
clinical advantage in improving glycemic control and 
cardiovascular44 and renal outcomes.45

The noteworthy aspect of this clinical study is the 
frequency of AEs and adverse drug reactions in partic-
ular. The most common AEs of pioglitazone are pedal 
edema and weight gain.18 One person in the pioglita-
zone group discontinued treatment after 3 months due 
to severe edema, which improved promptly after stop-
ping the treatment. Inverse changes in body weight were 
observed in the pioglitazone and tofogliflozin groups. 
It should be noted however that weight gain with piogl-
itazone has opposite metabolic effects compared with 
weight gain by excess caloric intake, being associated 
with a reduction in visceral fat46 and improvement in 
insulin sensitivity, atherogenic dyslipidemia, NASH, and 
risk of type 2 diabetes mellitus and CVD.6 SGLT2 inhibi-
tors are known to exert blood glucose lowering and body 
weight lowering effects. They have also been reported to 
demonstrate pleiotropic effects on various complications 
and regulatory effects on macrovascular events47 in addi-
tion to beneficial effects on hepatic dysfunction in both 
clinical trials and animal models.48 Combination therapy 
of pioglitazone and SGLT2 may therefore have an offset-
ting effect on weight gain, an additive effect on hepatic 
steatosis improvement and prevention of CVD.

This study has a few limitations. First, it had a single-
center design, small sample size, short duration of treat-
ment, absence of liver biopsy, open-label design, and 
selection bias as the use of several antidiabetic medi-
cines and vitamin E were prohibited. Second, the dose 
of pioglitazone was set to 15–30 mg/day with the inten-
tion of minimizing the risk of AEs. Only 2 of 17 patients 
were administered 30 mg pioglitazone. Finally, treatment 
group was randomly assigned to the tofogliflozin or 
pioglitazone group, stratified by HbA1c levels, ALT levels, 
and MRI-PDFF values. While not statistically different 
in table  1 given the small sample size, AST, GGT, ALP, 

systolic and diastolic blood pressure trended to higher 
in the pioglitazone group. The small sample size might 
prevent trends favoring pioglitazone versus tofogliflozin 
to be significant.

Future long-term studies including larger cohorts of 
patients with NAFLD and type 2 diabetes mellitus imple-
menting a comparative histological assessment based on 
liver biopsy across multiple centers are needed to validate 
our findings.

In conclusion, both the treatment of pioglitazone and 
tofogliflozin 24 weeks improved hepatic steatosis; there 
were differences between the groups, including changes 
in weight, fibrosis and other metabolic factors. Although 
the antifibrotic effect of tofogliflozin in NAFLD patients 
with type 2 diabetes mellitus is uncertain, SGLT2 inhib-
itors including tofogliflozin can be potential candidates 
for treatment of patients with NAFLD with type 2 diabetes 
mellitus, as they can simultaneously improve hypergly-
cemia and decrease body weight efficiently.
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