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ABSTRACT

Introduction: Clinicopathological analyses
revealed that reduction in HbA1c and use of
insulin independently contribute to reduction
in liver fibrosis scores during the course of
nonalcoholic fatty liver disease (NAFLD) devel-
opment. We will test our hypothesis that low-
ering glucose and increasing insulin reduce liver
fibrosis in NAFLD. Sodium–glucose cotrans-
porter 2 (SGLT2) inhibitors lower insulin levels
and sulfonylureas increase insulin levels, while
both lower glucose levels.
Methods: This study is a 48-week, one-center
(only Kanazawa University Hospital), open-la-
bel, randomized, parallel trial. Patients who

satisfied the eligibility criteria were randomly
assigned (1:1) to receive once-daily 20 mg tofo-
gliflozin or 0.5 mg glimepiride. The sample size
was calculated to be 14 in each group with a
significance level of 0.05 and power of 0.90. The
design required 40 evaluable patients in this
study. The primary endpoint of this study will
be the improvement in liver histology between
liver biopsies at baseline and after 48 weeks of
treatment. The secondary efficacy endpoints in
the present study include organ-specific insulin
sensitivity, insulin/glucagon secretion, ectopic
fat accumulation, bioelectrical impedance
analysis, sympathetic nerve activity, compre-
hensive gene expression analyses in the liver
and blood cells, and gut microbiota profiling.
Planned Outcomes: Recruitment into this
study started in November 2015 and will end in
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September 2020, with 40 patients randomized
into the two groups. The treatment follow-up of
the participants is currently ongoing and is due
to finish by the end of 2022. The findings of this
trial will be disseminated through peer-re-
viewed publications and international
presentations.
Trial Registration: This trial is registered with
the University Hospital Medical Information
Network Clinical Trials Registry (UMIN0000
20544) and ClinicalTrials.gov (NCT02649465).

Keywords: Nonalcoholic fatty liver disease;
Sodium–glucose cotransporter 2 inhibitor;
Sulfonylurea; Treatment strategies; Type 2
diabetes

Key Summary Points

Clinicopathological analyses led us to
hypothesize that glycemic control and
insulin therapy ameliorate or protect
against the histological progression of
liver fibrosis in patients with nonalcoholic
steatohepatitis. To test this hypothesis, we
aim to compare the effects of Sodium-
glucose cotransporter 2 (SGLT2) inhibitors
and sulfonylureas, which lower glucose
levels by decreasing and increasing
circulating levels of insulin, respectively,
in patients with type 2 diabetes.

Previous clinical trials lacked a control
group or histological examination, which
precludes meaningful conclusions since
the natural course of the disease or tight
glycemic control may ameliorate liver
pathology in some patients with
nonalcoholic fatty liver disease (NAFLD).
We investigated the efficacy of the SGLT2
inhibitor tofogliflozin and the
sulfonylurea glimepiride in liver
pathology in patients with NAFLD and
T2D for 48 weeks in an open-label,
randomized, parallel study.

Using many metabolic markers
(hyperinsulinemic euglycemic clamp
study, arginine stimulation test,1H MRS
(magnetic resonance spectroscopy),
bioelectrical impedance analysis, Holter
electrocardiograms, liver and blood cells,
and gut microbiota profiling), we may be
able to clarify the mechanisms underlying
the SGLT2 inhibitor/sulfonylurea-
mediated alteration in body weight and
whole-body energy metabolism.

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD), rang-
ing from simple fatty liver to nonalcoholic
steatohepatitis (NASH), is a liver phenotype of
metabolic disorders, such as diabetes, obesity,
and metabolic syndrome. Hepatic steatosis may
be a cause and consequence of insulin resis-
tance. However, to date, how steatosis is linked
to inflammation and fibrosis in NASH remains
to be elucidated. Hepatic fibrosis is associated
with liver cirrhosis and hepatocellular carci-
noma, which determine the prognosis in
patients with NASH. We previously investigated
the histological course of serial liver biopsy
samples of patients with NAFLD in a real-world
clinical setting. The clinicopathological analy-
ses revealed that reduction in HbA1c and use of
insulin independently contribute to reduction
in liver fibrosis scores during the course of
NAFLD development [1]. These findings led us
to hypothesize that glycemic control and insu-
lin therapy ameliorate or protect against the
histological progression of liver fibrosis in
patients with NASH.

To test this hypothesis, we aim to compare
the effects of sodium–glucose cotransporter 2
(SGLT2) inhibitors and sulfonylureas, which
lower glucose levels with decreases and increa-
ses in circulating levels of insulin, respectively,
in patients with type 2 diabetes. Both of these
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antidiabetic agents are chosen as second-line
therapy when glycemic control cannot be
achieved with metformin or as first-line therapy
when metformin is contraindicated or not tol-
erated [2]. The SGLT2 inhibitors reduce weight
and body fat mass [3], whereas sulfonylureas
may increase them. In animal models of
NAFLD/NASH, SGLT2 inhibitors protect against
steatosis, inflammation, and fibrosis [4, 5]. The
protective effects have been considered as a
consequence of glycosuria-induced negative
energy balance and substrate switching toward
lipids as a source of energy expenditure [6].
Previous clinical trials have demonstrated that
SGLT2 inhibitors exert protective effects on
liver enzymes and liver steatosis in patients with
NAFLD/NASH [7, 8]. However, these studies lack
a control group or histological examination,
which precludes meaningful conclusions, since
the natural course of the disease or tight gly-
cemic control may ameliorate liver pathology in
some patients with NAFLD [1]. Sulfonylureas
are still reliable and strong antidiabetic agents
in insulinopenic patients with type 2 diabetes
and are, therefore, used as second-line thera-
pies, especially when the cost is a major issue.
Sulfonylureas have the advantage of lowering
glucose, but they increase weight [9], which
may render positive and negative effects on
liver pathology in NAFLD/NASH.

In the present study, we are investigating the
efficacy of the SGLT2 inhibitor tofogliflozin and
sulfonylurea glimepiride in liver pathology in
patients with NAFLD and type 2 diabetes for
48 weeks in an open-label, randomized, parallel
study.

METHODS

Study Design

This study is a 48-week, one-center (only
Kanazawa University Hospital), open-label,
randomized, parallel trial of treatment with
20 mg tofogliflozin or 0.5 mg glimepiride for
adults with type 2 diabetes and biopsy-proven
NAFLD.

The study was conducted with the approval
of the Certified Review Board, Kanazawa

University, Ishikawa, Japan, in accordance with
the guidelines of the Declaration of Helsinki
(2018–2020, jRCTs 041180132). Written
informed consent was obtained from all of the
subjects before enrollment in the study. This
trial is registered with the University Hospital
Medical Information Network Clinical Trials
Registry (UMIN000020544) and ClinicalTrials.-
gov (NCT02649465).

Sample Selection

Eligibility for the Trial
Eligible adults (at least 20 years old) were iden-
tified and recruited at Kanazawa University
Hospital from November 2015 until September
2020. All of the trial participants provided their
informed written consent at the beginning of
the screening visit before this study.

Eligibility for the trial was determined at
screening visit 1 using standard blood tests,
clinical history (including written confirmation
of drug history, where necessary), and physical
examination/observations to identify other ill-
nesses or contraindications. The patients who
satisfied the eligibility criteria for the 48-week
treatment trial at Kanazawa University Hospital
were given the option to participate in meta-
bolic mechanistic sub-studies, including the
hyperinsulinemic euglycemic clamp study with
stable isotope-labeled glucose infusion and
arginine stimulation tests at visit 2. A patient’s
decision to partake or withdraw from the
metabolic sub-study did not affect their partic-
ipation in the main 48-week trial.

Fatty liver is clinically diagnosed on the basis
of ultrasound examinations showing an
increase in hepatorenal contrast. We defined
hepatorenal contrast, also known as ‘‘bright
liver’’, as a ratio of hepatic to kidney echo levels
of greater than 1.0. We excluded all other liver
disorders in each patient. All patients reported
drinking less than 20 g/day of ethanol. All liver
biopsies were performed during hospitaliza-
tions. All biopsies were obtained after a thor-
ough clinical evaluation and obtaining receipt
of signed informed consent from each patient.

The trial entry criteria are based on a diag-
nosis of ‘‘definite’’ NAFLD with type 2 diabetes
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on liver biopsy obtained within 3 months of
screening. All of the participants had to be at
least 20 years of age at the time of the initial
screening. Patients with type 2 diabetes mellitus
at the time of screening need to have glycemic
control (HbA1c of at least 7%) and have been
managed by either diet and/or a stable dose of
hypoglycemic agents for at least 4 weeks.

The exclusion criteria included hepatic virus
infections (hepatitis B and C, cytomegalovirus,
and Epstein–Barr virus), autoimmune hepatitis,
primary biliary cirrhosis, sclerosing cholangitis,
hemochromatosis, alpha-1-antitrypsin defi-
ciency, Wilson’s disease, history of parenteral
nutrition, and use of agents known to induce
steatosis (e.g., valproate, amiodarone, or vita-
min E) or hepatic injury caused by substance
abuse, and current consumption of more than
20 g of alcohol daily. None of the patients had
any clinical evidence of hepatic decompensa-
tion, such as hepatic encephalopathy, ascites,
variceal bleeding, or an elevated serum bilirubin
level of more than twofold the upper normal
limit. Other exclusion criteria were (1) tofogli-
flozin or glimepiride hypersensitivity or con-
traindications, (2) history of type 1 diabetes, (3)
history of ketoacidosis, (4) history of symptoms
of hypoglycemia, (5) treatment with SGLT2
inhibitor including tofogliflozin within 4 weeks
of screening, (6) glinide and sulfonylurea use
within 4 weeks of screening, (7) concomitant
corticosteroid therapy, (8) poorly controlled
unstable diabetes (ketoacidosis or an increase in
HbA1c of more than 3% in the 12 weeks before
screening), (9) poorly controlled hypertension
or systolic blood pressure greater than
160 mmHg or diastolic blood pressure greater
than 100 mmHg, (10) artificial dialysis or mod-
erate renal dysfunction, (11) poorly controlled
dyslipidemia, (12) presence of a severe health
problem, not being suitable for the study, (13)
pregnant or breastfeeding, and (14) inability to
participate in the study (including psychiatric
and psychosocial problems), as assessed by the
investigators.

Randomization The participants who met all
the eligibility criteria and provided their written
informed consent were randomly assigned on a
1:1 basis to either of the two study treatments

using computer-generated randomization at
Kanazawa University Hospital.

The patients in the SGLT2 inhibitor group
received tofogliflozin (fixed dose of 20 mg/day;
brand name Deberza; Kowa Company Ltd.,
Japan) and the patients in the sulfonylurea
group received glimepiride (starting from
0.5 mg/day and titrated up to 6.0 mg/day;
Sanofi K.K., Canada) for 48 weeks.

Study Intervention The study was divided
into the following four stages (Fig. 1): (1)
screening, enrollment, randomization, and
baseline investigations (visits 1 and 2, over a
maximum period of 14 days), (2) study treat-
ment (visits 3–5, over 48 weeks), (3) endpoint
assessment, including liver biopsy and meta-
bolic sub-studies (visit 6 for 1 week), and (4)
post-treatment follow-up assessment (visit 7 for
12 weeks). If the trial investigator or the trial
participant suspected an adverse event, an
unscheduled visit was arranged within 2–3 days.
The schedules for the study visits and data col-
lection are summarized in Table 1. All of the
participants were asked to attend each visit
under fasting states for a minimum of 8 h before
each visit. A follow-up liver biopsy was obtained
under ultrasound guidance after completion of
the 48-week study treatment.

Previous treatment with oral antidiabetic
drugs was continued at the same dose in par-
ticipants at randomization. Glycemic control
was assessed at each 12-weekly trial visit using
plasma glucose and HbA1c measurements. In
the event of deterioration of glycemic control,
defined as HbA1c of greater than 9% after the
intervention, the participant will be informed

Fig. 1 Flow chart of the study schedule
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Table 1 Trial schedule of data collection

Screening Treatment (TD, treatment day) Follow-up

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7
(Max
212 weeks
to TD1)

(1–2 weeks
prior to
TD1)

(Week
12)

(Week
24)

(Week
36)

(1–7 days 1 week 48/
EOT)

(12 weeks
after
EOT)

Informed consent X

Clinical assessmenta X X X X X X X

Vital signsb X X X X X X X

Screening blood testc X X X X X X

Liver biopsy X X

Genes of the liver and

blood cells

X X

Transient elastography X X X

Study medicationd X X X X X X X

Adverse/clinical events X X X X X

Bioelectrical impedance X X X X X X

Standard blood and

urine teste
X X X X X X

Oxidative stress

markers, cytokine

X X

Hepatokines X X

Micro RNAs and

exosome contents

X X

Arginine stimulation

test

X X

Euglycemic

hyperinsulinemic

clamp study with

stable isotopes

X X

Respiratory quotient

and basal energy

expenditure

X X

Proton magnetic

resonance

spectroscopy

X X

Cardiac autonomic

nerve activity

X X

EndoPAT X X
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and counseled with regard to starting open-la-
bel, long-acting insulin detemir once daily.
However, the patients’ participation in the trial
will not be jeopardized if they do not wish to
start using insulin detemir. The dose of insulin
detemir has been titrated by trial investigators
to ensure that the participants’ standard of
diabetes care will not be significantly compro-
mised as a result of participating in our clinical
trial. In addition to study medications, the
participants continued to undergo lifestyle
modifications (i.e., exercise, weight loss, and
dietary adjustment) and management of various
coexisting illnesses throughout the trial. The
patients were asked to limit alcohol consump-
tion to less than 20 g/day for women and
30 g/day for men. The participants were not
allowed any new prescriptions.

All of the patients and responsible guardians
received an hour of nutritional counseling by
an experienced dietician before the 48-week
treatment period. The experienced dieticians
were unaware of the study assignments. In
addition, all of the patients were given a stan-
dard calorie diet (30 kcal/kg per day; carbohy-
drates, 50–60%; fat, 20–30%; and protein,
15–20%) and exercise (5–6 metabolic equivalent

estimations for 30 min daily) counseling before
the study.

Planned Outcome

The primary outcome measure will be assessed
using an intention-to-treat analysis of the pro-
portion of evaluable patients achieving
improvement in liver histology between liver
biopsies at baseline and after 48 weeks of treat-
ment. Histological improvement will be defined
as improvement in histologic findings, which
requires improvement by one or more points in
the hepatocellular ballooning score and the
fibrosis score.

Secondary endpoints include changes in (1)
overall NAFLD Activity Score, (2) liver enzymes,
(3) body composition, (4) fasting plasma glu-
cose levels and glucose metabolism assessed
with an arginine stimulation test, (5) organ-
specific insulin sensitivity, (6) lipid profiles, (7)
renal function and electrolyte balances, (8)
oxidative stress (urinary 8-isoprostane and uri-
nary 8-hydroxydeoxyguanosine [8-OHdG]), (9)
cytokines [tumor necrosis factor (TNF)-alpha,
leptin, and adiponectin] levels, (10) hepatoki-
nes (selenoprotein P and LECT-2) levels, (11)

Table 1 continued

Screening Treatment (TD, treatment day) Follow-up

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7
(Max
212 weeks
to TD1)

(1–2 weeks
prior to
TD1)

(Week
12)

(Week
24)

(Week
36)

(1–7 days 1 week 48/
EOT)

(12 weeks
after
EOT)

Treatment satisfaction

questionnaire

X X

Feces X X

TD1 treatment day 1, EOT end of treatment, EndoPAT peripheral arterial tone test
a Clinical assessment: complete history/examination, physical and mental conditions
b Vital signs: blood pressure, heart rate, weight, height, waist and hip circumferences
c Screening blood test: fasting plasma glucose, HbA1c
d Study medication: If the study patient meets the eligibility criteria, he/she will be randomized at TD1 to receive
tofogliflozin or sulfonylurea
e Standard blood and urine test: fill blood count, renal function, electrolytes, lipid profile
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organ-specific fat accumulation, (12) oxidative
and non-oxidative glucose disposal, (13) energy
expenditure, (14) respiratory quotients, (15)
autonomic nerve function, (16) minerals and
bone metabolism, (17) endothelial functions,
(18) fatty acid profiles, (19) gut microbiota
profiling in feces, (20) comprehensive gene
expression profiles in blood cells and liver, (21)
micro RNAs and exosome contents, and (22)
treatment satisfaction. Factors associated with
the changes in these parameters will be
investigated.

Data Collection

Liver Histopathology
A single pathologist, who was blinded to the
clinical information and order in which the
biopsies were obtained, analyzed all of the
biopsies twice and at separate times. The sec-
tions were cut from a paraffin block and stained
with hematoxylin–eosin and silver reticulin
stains. The biopsied tissues were scored for
steatosis (0–3), stage (1–4), and grade (1–3) as
previously described [10], according to the
standard criteria for grading and staging [11].
The NAFLD Activity Score was calculated as the
unweighted sum of the scores for steatosis (0–3),
lobular inflammation (0–3), and ballooning
(0–2) [12].

Clinical and Laboratory Data Type 2 diabetes
was considered present if the fasting plasma
glucose was at least 7 mmol/L and if the 2-h
75-g oral glucose tolerance test plasma glucose
was at least 11.1 mmol/L or if the patients had a
recorded diagnosis in their medical records.

Clinical information, including age, sex,
medication, and body measurements, was
obtained for each patient. Body measurements
of height, body weight, heart rate, systolic/di-
astolic blood pressure, and waist circumferences
were recorded. Body composition, such as body
fat mass and fat-free mass, was determined
using a bioelectrical impedance analysis (Tanita
BC-118D; Tanita, Tokyo, Japan). Venous blood
samples, which were obtained after the patients
had fasted overnight, were used to evaluate
blood chemistry. Blood samples were analyzed

for full blood count, liver enzymes (serum
aspartate aminotransferase, serum alanine
aminotransferase, and plasma gamma-glu-
tamyltransferase), renal function (blood urea
nitrogen levels, creatinine, and estimate
glomerular filtration rate), electrolyte balances,
lipid profile (total cholesterol, high-density
lipoprotein, and triglycerides), cytokines (TNF-
alpha, leptin, and adiponectin), HbA1c, and
plasma glucose. Serum fatty acids were mea-
sured using a gas chromatograph (Shimizu GC
17A; Kyoto, Japan) at SRL Inc. (Tokyo, Japan).
Oxidative stress markers, such as urinary 8-iso-
prostane and 8-OHdG, were measured (SRL
Inc.). A fecal sample was collected and stored at
- 80 �C [13]. The liver gene expression was
collected, stored, and measured as described
previously [14].

Arginine Stimulation Test The arginine stim-
ulation test has been demonstrated to be a valid
method for evaluating residual b-cell function
even during periods of hyperglycemia [15].
Arginine (30 g) was administered intravenously
by infusing a 10% L-arginine hydrochloride
solution over 30 min. Blood samples (plasma
glucose, C-peptide immunoreactivity [CPR],
and glucagon) were collected at seven time
points (0,15, 30, 45, 60, 90, and 120 min). Cir-
culating CPR and glucagon were used to con-
struct an arginine stimulated time–response
curve. The values of the area under the con-
centration–time curve for CPR and glucagon
between time 0 and 120 min were calculated
using the trapezoidal rule. The value of arginine
DCPR was defined as the difference between the
maximal and basal levels of CPR during the
arginine test [15].

Liver Stiffness Liver stiffness was evaluated
using transient elastography (Fibroscan, Echo-
sens, France). The median value and interquar-
tile range (IQR) of ten validated measurements
were recorded within the range of 2.5–75 kPa
[16]. The XL probe was used on individuals who
had a body mass index (BMI) greater than
30 kg/m2 or when the Fibroscan 502 Touch
machine recommended its use over the
M-probe.
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Organ-Specific Insulin Sensitivity Organ-
specific insulin sensitivity was estimated by the
hyperinsulinemic euglycemic clamp study
using an artificial pancreas (model STG-55;
Nikkiso, Tokyo, Japan) combined with the
stable isotope-labeled [6,6-2H2]glucose infusion.
We calculated and defined organ-specific insu-
lin resistance in the liver, skeletal muscle, and
adipose tissue as described previously [17].
Hepatic insulin resistance indices were calcu-
lated as the product of fasting hepatic glucose
production (HGP) and fasting plasma insulin
concentration and suppression of HGP by
insulin during a clamp study. The skeletal
muscle insulin resistance index was calculated
as insulin-stimulated glucose disposal (Rd) [18].

Energy Metabolism Whole-body indirect
calorimetry was performed during the hyperin-
sulinemic euglycemic clamp study using an AE-
310 s Aeromonitor (Minato Medical Science
Company, Osaka, Japan). The respiratory quo-
tient was defined as the ratio of carbon dioxide
production (VCO2) to whole-body oxygen con-
sumption (VO2). Basal energy expenditure was
calculated from VO2 and VCO2 using the Weir
equation. We calculated glucose oxidation from
the respiratory gas exchange and nitrogen
excretion in urine [19]. Non-oxidative glucose
disposal was estimated by subtracting the glu-
cose oxidation rate from Rd [20].

Organ-Specific Fat Accumulation Intrahep-
atic lipid (IHL) and intramyocellular lipid
(IMCL) were measured as previously reported
[18, 21]. IHL of the liver’s right lobe and IMCL
of the soleus muscle were measured
using1H magnetic resonance spectroscopy
(MRS) and a whole-body 3.0 T MR system (Signa
HDxt 3.0 T; General Electric Healthcare, Mil-
waukee, WI, USA). Voxels
(3.06 9 3.06 9 3.0 cm3 for liver and
2.06 9 2.06 9 2.0 cm3 for soleus muscle) were
positioned in the liver or soleus muscle to avoid
blood vessels and visible interfacial fat, and the
voxel sites were carefully matched at each
examination, and the MR spectral raw data were
processed to quantify IHL and IMCL using the
LCModel software (Version 6.3-0C; Stephen
Provencher, Oakville, ON, Canada) [18].

Cardiac Autonomic Nerve Activity The par-
ticipants underwent 24-h ambulatory Holter
electrocardiograms. The results were trans-
formed into the frequency-domain waveforms
that included high-frequency (HF) power
(0.15–0.40 Hz) and low-frequency (LF) power
(0.04–0.15 Hz). LF power, HF power, and LF/HF
ratio represent sympathetic nerve activity,
parasympathetic nerve activity, and sympatho-
vagal balance, respectively [22].

Endothelial Function Peripheral endothelial
function is measured using an EndoPAT-2000
device (Itamar Medical, Caesarea, Israel). A
peripheral arterial tonometry probe was
attached to the fingers of both hands of the
subject. The reactive hyperemia index (RHI) was
determined according to the manufacturer’s
instructions. Endothelial dysfunction is indi-
cated as RHI less than 1.67 [23].

Treatment Satisfaction Treatment satisfac-
tion was assessed using the Diabetes Treatment
Satisfaction Questionnaire (DTSQ) at baseline
and at the end of the study as a secondary
outcome. The overall treatment satisfaction
score was calculated as the sum of DTSQ items 1
(Q1, satisfaction with the treatment), 4 (Q4,
convenience of the treatment), 5 (Q5, flexibility
of the treatment), 6 (Q6, understanding of your
diabetes), 7 (Q7, recommend to others), and 8
(Q8, wish to continue treatment). Items 2 (Q2,
perceived hyperglycemia frequency) and 3 (Q3,
perceived hypoglycemia frequency) were trea-
ted as separate variables.

Case Report Forms The case report forms
(CRFs) include baseline/follow-up medical his-
tories and physical examinations to capture
comorbidities and concomitant medications in
the trial’s electronic database. Other CRFs
incorporated in the electronic database include
the following: laboratory data including thyroid
function and questionnaire results; safety
monitoring during the treatment follow-up
periods; histopathology reports of liver biopsy
specimens; noninvasive markers of liver disease;
and adverse event reporting and study drug
dispensing forms for study treatment adherence
and accountability. Treatment compliance,
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including the evidence of dosage and clinical
events, is to be monitored at each study visit.

Data Analysis

Sample Size Estimation
At the time of the study design, we had no
available data to estimate the histological
response with a 48-week treatment using tofo-
gliflozin and glimepiride. Therefore, we esti-
mated the sample size on the basis of findings of
other studies on non-SGLT2 inhibitors as fol-
lows: on the basis of clinical trials on non-
SGLT2 inhibitors for NAFLD that had improve-
ments in liver histology as a primary endpoint,
we assumed that 52.6–69.0% of patients
undergoing treatment would demonstrate an
improvement in NAFLD [14, 24]. We estimated
that in 17.6–19.0% of the placebo control arm
patients, there would be an improvement in
liver histology on the basis of the literature
[14, 24]. We calculated the sample size as 14 in
each group, with a significance level of 0.05
(type I error) and a power of 0.90 (type II error).
This design required 40 evaluable patients in
the treatment group. The published literature in
NAFLD trials reported on average a participant
withdrawal rate of 10–20% [14, 25]. Therefore,
we randomized our recruitment target of 40
patients in a 1:1 allocation ratio to either tofo-
gliflozin or glimepiride.

Statistical Analysis
Data are expressed as the mean ± 2 standard
deviations. SPSS software, version 22.0 (SPSS
Inc., Chicago, Illinois, USA), is being used for all
the statistical analyses. For univariate compar-
isons between patient groups, a Student’s t test
or Mann–Whitney U test was used, as appro-
priate, followed by Bonferroni’s multiple com-
parison test. A P value less than 0.05 was
considered to be statistically significant.

DISCUSSION

This study will result in the first report on the
efficacy of treatment with an SGLT2 inhibitor or
sulfonylurea on liver pathology in patients with

NAFLD and type 2 diabetes in a 48-week open-
label randomized trial. We will compare the
efficacy of the SGLT2 inhibitor and sulfonylurea
in ameliorating liver histology in NAFLD. The
enrollment of the required sample size will be
completed in September 2020 and the final
results are expected by the end of 2021.

The efficient recruitment of patients with
NAFLD for clinical trials remains a challenge
when it requires a liver biopsy. This situation
with respect to liver biopsy has several limita-
tions, including sampling heterogeneity, inva-
sive nature, and patient reluctance, especially in
repeated sampling. Nevertheless, liver biopsy
will be required for trials in NAFLD until the
accuracy of serial measurements of noninvasive
markers is formally validated. In addition, liver
biopsy still remains a gold standard for evalu-
ating not only fibrosis but also steatosis,
inflammation, and hepatocyte damage in
NAFLD.

In the present study, we tested our hypoth-
esis that lowering glucose and increasing insu-
lin reduce liver fibrosis in NAFLD. The SGLT2
inhibitor lowers insulin levels and the sulfony-
lurea increases insulin levels, while both lower
glucose levels. Therefore, by comparing the
effects of these hypoglycemic agents and by
extracting factors associated with alteration in
liver histology, we aimed to clarify whether a
decrease in glucose, increase in insulin, or
weight reduction contributes to reducing liver
histological scores. Through these findings, we
may establish the disease entity of ‘‘diabetic
steatohepatitis’’ in the pathology of NAFLD.

SGLT2 inhibitors may reduce body weight
and ectopic fat accumulation. However, it still
remains unclear whether these inhibitors
reduce whole-body insulin resistance and which
organ is responsible for altered insulin sensi-
tivity. Our initial hypothesis regarding liver fat
is that SGLT2 inhibitors sense liver glycogen
deficiency, stimulate sympathetic activity,
enhance lipolysis to generate glycerol, upregu-
late hepatic gluconeogenesis, and thereby
reduce liver fat. The secondary efficacy end-
points in the present study include organ-
specific insulin sensitivity evaluated with the
hyperinsulinemic euglycemic clamp study
combined with stable isotope-labeled glucose
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infusion, insulin/glucagon secretion evaluated
by the arginine stimulation test, ectopic fat
accumulation evaluated by 1H MRS and bio-
electrical impedance analysis, sympathetic
nerve activity estimated from the heart rate
variability by using Holter electrocardiograms,
comprehensive gene expression analyses in the
liver and blood cells, and gut microbiota pro-
filing. Using these surrogate markers, we may
clarify the mechanisms underlying the SGLT2
inhibitor/sulfonylurea-mediated alteration in
body weight and whole-body energy
metabolism.
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