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ABSTRACT

Introduction: Ectopic fat accumulation has
been found to play a pathophysiological role in
insulin resistance, type 2 diabetes (T2DM), and
coronary artery diseases. Findings from a num-
ber of previous studies suggest that sodium
glucose cotransporter 2 (SGLT2) inhibitors
reduce lipid accumulation, including myocar-
dial and pericardial fat, while dipeptidyl pepti-
dase 4 (DPP4) inhibitors suppress ectopic lipid
accumulation and improve cardiac function.

However, a clinical study that precisely explains
and compares the efficacy of SGLT2 inhibitors
and DPP4 inhibitors on cardiac fat accumula-
tion has not been performed. Moreover, the
association between cardiac fat accumulation
and cardiac function or metabolic changes,
such as tissue-specific insulin resistance,
remains unclear. It is our intention to conduct
the first study to assess the effects of empagli-
flozin compared to sitagliptin in reducing
ectopic fat accumulation, specifically pericardial
fat, and its association with improvement in
cardiac function and tissue-specific insulin
sensitivity.
Methods: We have designed a prospective,
randomized open-label, and blinded-endpoint
study with the intention to enroll 44 Japanese
patients with T2DM. The patients are to be
divided them into two groups, an empagliflozin
group and an sitagliptin group, with the former
to be supplemented with empagliflozin 10 mg
and the latter to be supplemented with sita-
gliptin 100 mg, both groups for 12 weeks. The
primary endpoint of the study is the change in
the amount of pericardial fat. The secondary
endpoints are the changes in the amount of
intracellular fat in the myocardium, cardiac
function, tissue-specific insulin sensitivity, fatty
acid metabolism in myocardial tissue, assessed
by parameters of iodine-123-b-methyl-iodo-
phenyl pentadecanoic acid myocardial scintig-
raphy, blood and urine biomarkers, and lifestyle
evaluation.
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Planned Outcomes: The results of this study
will be available in 2020. The aim of this study
is to provide an effective treatment strategy for
patients with T2DM by considering cardiac fat
accumulation, cardiac function, and insulin
resistance.
Funding: Boehringer Ingelheim & Eli Lilly and
Company Diabetes Alliance.
Trial Registration: University Hospital Medical
Information Network Clinical Trial Registry:
UMIN000026340.
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INTRODUCTION

Ectopic fat accumulation plays a central role in
the induction of insulin resistance in type 2
diabetes (T2DM) [1–3], and the association
between cardiovascular diseases (CVD) and this
form of accumulation has recently been repor-
ted [4–6]. Pericardial and myocardial fat accu-
mulation are well-known to result in the
excessive release of proinflammatory cytokine
and free fatty acid, which causes myocardial
intracellular lipotoxicity, possibly inducing
myocardial fibrosis and cardiac dysfunction
[7–9]. Reducing pericardial fat content and
myocardial intracellular lipid content may
therefore ameliorate cardiac dysfunction and
lower the risk of cardiovascular events.

Some previous studies have demonstrated
the effect of anti-diabetic oral agents in
improving peripheral lipid accumulation via
epicardial fat [10–14]. The effects of dipeptidyl
peptidase 4 (DPP4) inhibitors on improving
peripheral lipid accumulation have been repor-
ted [15, 16]. Sitagliptin is one of the DPP4
inhibitors widely used to treat T2DM. In addi-
tion, it exerts a favorable effect on the reduction
of hepatic steatosis [17] and epicardial fat [11] in
humans. Although it has been suggested that
DPP4 inhibitors ameliorate cardiac function
[18], some randomized clinical trials (RCTs)
have shown their non-inferiority on cardiovas-
cular events in patients with T2DM compared
to the placebo controls [19–21]. In contrast,
sodium glucose cotransporter 2 (SGLT2)

inhibitors, especially empagliflozin, canagli-
flozin, and dapagliflozin, have gained increased
attention since a RCT addressed their effects on
cardiovascular event suppression among
patients with T2DM [22, 23]. SGLT2 inhibitors
can prevent the elevation of blood glucose
levels by suppressing the reuptake of sodium
and glucose from primitive urine [24]. A num-
ber of previous studies revealed that SGLT2
inhibitors have multiple metabolic effects, such
as decreasing blood pressure [25], reducing
triglyceride [26], body weight [27], and fat
accumulation in the liver [28], and improving
insulin resistance [29]. Furthermore, SGLT2
inhibitors were recently reported to reduce
epicardial fat accumulation [12–14] and are
suggested to act directly on the heart and neu-
rohumoral factors to suppress cardiovascular
events rather than arteriosclerosis [12]. It is also
possible that SGLT2 inhibitors also change fuel
utilization toward lipids from glucose [30].
Thus, both DPP-4 inhibitors and SGLT2 inhibi-
tors have favorable metabolic effects and may
improve cardiac lipid accumulation and
function.

To date, however, there is no clinical study
that precisely explains and compares the effi-
cacy of SGLT2 inhibitors and DPP4 inhibitors
on cardiac lipid accumulation. Moreover, evi-
dence of their relation to metabolic changes
and cardiac function, such as tissue-specific
insulin resistance, remains unknown. There-
fore, our intention is to clinically evaluate the
cardioprotective effects of SGLT2 inhibitors,
using empagliflozin, on the amount of pericar-
dial fat in comparison to the most commonly
used DPP4 inhibitor, sitagliptin. A second aim is
to perform a comprehensive assessment of car-
diac function, myocardial fatty acid metabo-
lism, tissue-specific insulin sensitivity using the
hyperinsulinemic–euglycemic clamp test, lipid
accumulation in liver and muscle, whole body
composition, and blood and urine biomarkers,
as well as a lifestyle evaluation.

To our knowledge, this is the first study to
assess the effects of empagliflozin on reducing
ectopic fat accumulation, specifically pericardial
fat, and improving cardiac function and tissue-
specific insulin sensitivity compared to sita-
gliptin. In this study, we also plan to evaluate
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the effect of SGLT2 inhibitors and DPP4 inhi-
bitors from various metabolic viewpoints. The
results of this study will provide new strategies
against peripheral lipid accumulation and risk
management of CVD with T2DM.

METHODS

Study Design

The ASSET study is an ongoing, prospective,
randomized open-label, blinded-endpoint
study, registered with the University Hospital
Medical Information Network Clinical Trial
Registry (UMIN000026340), a non-profit orga-
nization in Japan that meets the requirements
of the International Committee of Medical
Journal Editors (ICMJE). This study is approved
by the certified clinical research review board of
Toho University (CRB3180016) and is being
conducted according to the Declaration of
Helsinki and its later amendments or compara-
ble ethical standards, as well as current legal
regulations in Japan. To avoid bias regarding
the collected data, the processes of enrollment,
randomization, data collection, and manage-
ment have been conducted by a third-party.
Informed consent is obtained from all individ-
ual participants included in the study.

Study Population

In this study, the target number of patients
required for registration was 44 Japanese
patients with T2DM. Recruitment for the study
began in April 2017 and ended in March 2019 at
the Toho University Omori Medical center. The
inclusion criteria were: (1) T2DM patients with
proper diet and exercise therapy alone or pre-
scribed a-glucosidase inhibitors, sulfonylureas,
glinides, or combinations of these agents; (2)
patients with glycated hemoglobin (HbA1c)
levels of C 6.0% but B 10.0%; (3) patients
between 20 and 74 years of age; (4) patients
with body mass index (BMI) of C 22 kg/m2; and
(5) patients who provide written informed
consent. The exclusion criteria were: (1) type 1
diabetes mellitus or secondary diabetes mellitus

patients; (2) patients with BMI of \ 22 kg/m2;
(3) patients with renal dysfunction (estimated
glomerular filtration rate of \ 45 mL/min/
1.73 m2); (4) patients with medical history of
cerebral infarction or stroke within 12 weeks
before giving consent for enrollment; (5)
patients with a past medical history of
myocardial infarction or angina pectoris, or
with a present medical history of atrial fibrilla-
tion; (6) patients with left ventricular (LV)
ejection fraction of \ 30%; (7) patients with
infection; (8) patients with any untreated can-
cer; (9) patients with collagen diseases, with the
exception of those whose disease progresssion is
well controlled with prednisolone at a dose of B
5 mg/day; (10) patients with hepatic cirrhosis;
(11) patients with liver failure that is either
virus-, autoimmune-, or drug-induced; (12)
alcoholics; (13) pregnant or breastfeeding
patients, or those planning to become pregnant
during this study; (14) patients allergic to
empagliflozin or sitagliptin; and (15) patients
with anemia (hemoglobin\12 g/dL).

Randomization and Study Intervention

The schedule for enrollment, randomization,
and follow-up that are being used in this study
is shown in Fig. 1. After consent had been
obtained and the patients enrolled, clinical and
biochemical analysis, cardiac magnetic reso-
nance imaging (MRI), proton magnetic reso-
nance spectroscopy (1H-MRS) analysis, iodine-
123-b-methyl-iodophenyl pentadecanoic acid
myocardial scintigraphy (123I-BMIPP scintigra-
phy), echocardiography, indirect calorimetry,
and hyperinsulinemic–euglycemic clamp would
be performed for each subject within 10 weeks.
Eligible subjects would be randomly and equally
assigned to the empagliflozin group (prescribed
empagliflozin 10 mg/day) or sitagliptin group
(prescribed sitagliptin 50 mg/day as primary
dose). Randomization would be performed by a
computer-based dynamic allocation method
using the presence of sulfonylureas administra-
tion and intrahepatic lipid content as assessed
by MRS at the baseline checkup. After treatment
initiation, a medical check for vital signs, uri-
nalysis, and blood tests would be performed to
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screen for the occurrence of adverse events at
4 weeks. Concurrently, the dosage of sitagliptin
would be increased to 100 mg/day for the sita-
gliptin group. After the 12-week treatment per-
iod, the same tests and checks carried out at
baseline would be performed. All measures of
parameters to be evaluated would be collected
after overnight fasting.

Study Endpoints

The primary endpoint of this study is the
change in the amount of pericardial fat, which
is the sum of epicardial and paracardial fat, as
evaluated by MRI. The secondary endpoints are
the following indices for changes from baseline
to 12 weeks: (1) intracellular fat in the myo-
cardium, muscle, and liver; (2) cardiac function
estimated by echocardiography and cine-MRI;
(3) extracellular fat in the muscle assessed by
1H-MRS; (4) insulin sensitivity in the liver,
muscle and adipose tissue assessed by the
hyperinsulinemic–euglycemic clamp method;
(5) indicator of cardiac fatty acid metabolism

assessed by 123I-BMIPP scintigraphy; (6) indica-
tors of energy metabolism assessed by indirect
calorimetry (respiratory quotient, energy
expenditure, oxygen consumption, carbon
dioxide emissions); (7) plasma biomarkers (C-
peptide, plasma insulin, renin activity, aldos-
terone, brain natriuretic peptide, heart type
fatty acid-binding protein, high-sensitivity
C-reactive protein [CRP], adiponectin, leptin,
and metabolome assay); (8) urine biomarkers
(urine general test, microalbumin, glucose,
ketone, sodium [Na], potassium [K], chlorine
[Cl], creatinine [Cre], and 8-hydroxy-20-deox-
yguanosine); (9) body weight, blood pressure,
BMI, body composition (total body water, bone
mass, muscle mass, fat content, body fat per-
centage, and basal metabolic rate); (10) lifestyle
assessment, including precise dietary intake
using the brief-type self-administered diet his-
tory questionnaire (BDHQ) [31], (11) medica-
tion compliance; and (12) incidence of adverse
event.

Fig. 1 After consent and enrollment, clinical and bio-
chemical analysis, cardiac magnetic resonance imaging,
proton magnetic resonance spectroscopy, iodine-123-b-
methyl-iodophenyl pentadecanoic acid myocardial scintig-
raphy, echocardiography, indirect calorimetry, and hyper-
insulinemic euglycemic clamp would be performed on the
subject within 10 weeks. The participant would then be
randomly assigned to the empagliflozin group or sitagliptin

group. In the sitagliptin group, the dosage of sitagliptin
would be increased by 100 mg/day at 4 weeks. After the
12-week medication period, the same assessments as those
carried out at baseline would be performed. All assessments
were performed after an overnight fasting
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Cardiac Magnetic Resonance Imaging

Assessment of cardiac fat accumulation and
cardiac function would be performed by cine-
MRI. The cardiac imaging protocol was used for
MRI with reference to previous reports [32, 33].
In brief, cardiac MRI with a 1.5 T whole-body
MR scanner (MAGNETOM AvantoSQ1.5T B-19;
Siemens, Erlangen, Germany) would be used to
evaluate cardiac fat accumulation and cardiac
function in the breath-holding position. The
cine series would be obtained in the four-
chamber, two-chamber, and LV short axis views
using a steady-state free precession sequence. A
number of cine images would be used to cover
the LV from the base to apex. Scanning would
be performed with typical imaging parameters:
repetition time 68.4 ms; echo time 1.48 ms; flip
angle 80�; matrix 134 9 192; field of view
360 9 360 mm; slice thickness 10 mm; gap,
0 mm; and calculated phases 25. Estimation of
epicardial fat and paracardial fat would be per-
formed by a non-participating doctor using a
dedicated software (SYNAPSE VINCENT; Fuji-
film Corp., Tokyo, Japan). The high signal range
between the myocardium and pericardium
would be considered to be epicardial fat; simi-
larly, the high signal range outside the peri-
cardium would be considered to be paracardial
fat. The data for the pericardium, which is the
primary endpoint of this study, would be
obtained from the sum of epicardial fat and
paracardial fat.

Cardiac function data of the LV would also
be evaluated using MRI by experienced techni-
cians blinded to the clinical background of
subjects with a dedicated software (Argus; Sie-
mens, Erlangen, Germany). LV ejection frac-
tion, cardiac mass, end-diastolic volume, end-
systolic volume, stroke volume, peak ejection
rate, peak filling rate, time to peak filling rate,
and heart rate would be measured.

Echocardiography

Echocardiography would be performed by
experienced technicians with 3.5- and 2.5-MHz
transducers for two-dimensional, M-mode, and
continuous-wave Doppler measurements. LV

end-systolic diameter (LVDs), LV end-diastolic
diameter (LVDd), cardiac mass, cardiac vol-
umes, LV ejection fraction, and the ratio
between early mitral inflow velocity and mitral
annular early diastolic velocity (E/e0) would be
evaluated. The percentage fractional shortening
of the ventricle (%FS) would be calculated using
the formula: %FS = (LVDd - LVDs) 9 100/
LVDd [34].

Proton MRS Analysis

A 1H-MRS would be performed to measure car-
diac fat accumulation using a 1.5 T whole-body
MR scanner (MAGNETOM AvantoSQ 1.5 T B-19;
Siemens) run by specialists using dedicated
software (Argus; Siemens). The method used to
measure cardiac fat accumulation with 1H-MRS
has been previously validated [35–37]. The vol-
ume of interest (VOI = 10 9 10 9 20 mm3)
would be manually placed on the ventricular
septum of the cine images of the heart and
adjusted to fit the ventricular septum of the left
ventricle. The spectra of lipid and water would
be acquired by point-resolved spectroscopy
sequences (repetition time/echo time ms
4000/30). The myocardial signal would be
quantified as triglyceride signal intensity at
1.4 ppm from the spectra with water suppres-
sion, and water signals would be quantified at
4.7 ppm from the spectra without water
suppression.

Similarly, VOI (20 9 20 9 20 mm3) would be
set on the liver and tibialis anterior muscle on
the acquired MR data, avoiding liver edges,
visible blood vessels, or bile ducts. The MR
spectral raw data would then be processed to
calculate intrahepatic lipid content, intramy-
ocellular lipid content, and extramyocellular
lipid content using LC model software (version
6.3-1J; Stephen Provencher, Oakville, ON,
Canada). Each lipid would be estimated by an
indicator as a ratio of lipid to water.

Hyperinsulinemic–Euglycemic Clamp

Tissue-specific insulin sensitivity would be
assessed by the hyperinsulinemic–euglycemic
clamp method using an artificial pancreas
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system (STG55; Nikkiso, Tokyo, Japan) as pre-
viously described [38] after overnight fasting.
Subjects would lie on a bed, and three intra-
venous catheters would be placed on their
forearms. Each catheter would be used for tracer
and insulin infusion via connection to the
artificial pancreas and for blood sampling,
respectively. The arm for blood sampling,
which would be connected to the artificial
pancreas, would be kept warm by an electric
blanket to derive the parameters of venous
blood under the arterial blood condition. At the
start of the 3-h basal infusion period, 6,6-
[2H2]glucose (99% atom percent enrichment
[APE]; Cambridge Isotope Laboratories Inc.,
Andover, MA, USA) would be infused at a
priming dose (200 9 fasting plasma glucose
[mg/dL]/100 mg/m2 body surface area) and
continued at 2 mg/m2 body surface area/min.

After this period, the hyperinsuline-
mic–euglycemic clamp test would be initiated.
Insulin (U-100 Humulin R; Eli Lilly, Indi-
anapolis, IN, USA) would be infused at 160 and
80 mU/m2/min, each infusion rate for 5 min, as
a priming dose. After 10 min, the insulin infu-
sion dise would be changed to 40 mU/m2/min
for the continuous dose [38–40].

A variable infusion of 20% glucose contain-
ing 2.5% 6,6-[2H2]glucose would be adminis-
tered via the artificial pancreas to maintain the
plasma glucose concentration at approximately
95 mg/dL [41]. During the clamp test, blood
samples would be collected from the catheter
line at - 180, - 30, - 15, 0, 15, 30, 60, 120, 160,
170, and 180 min. 2H APE in plasma glucose
would be measured by high-performance liquid
chromatography using a LTQ Orbitrap XL mass
spectrometer (Thermo Scientific, Fremont, CA,
USA). Basal and clamped endogenous glucose
production and the clamped glucose disposal
rate would be evaluated using a steady-state
equation as described previously [38, 42].
Clamped percentage suppression of serum free
fatty acid by insulin, which represents the
insulin sensitivity of adipose tissue, would be
calculated as: (serum free fatty acid concentra-
tion at baseline - mean free fatty acid concen-
tration at time 160–180 min) divided by free
fatty acid concentration at baseline 9100.

123I-BMIPP Scintigraphy

After an intravenous injection of 111 MBq of
123I-BMIPP radiotracer (111 MBq/1.5 mg; Nihon
Medi-Physics Co. Ltd., Tokyo, Japan), early
images would be captured at 20 min and delay
images would be taken at 3 h, both by a dual-
headed single-photon emission computed
tomography (SPECT) gamma camera (Infinia
H3000WT; GE Medical System, Tel Aviv, Israel).
SPECT images would be acquired in a step
shooting mode using two detectors (180� rota-
tion) and at a matrix size of 64 9 64. A series of
contiguous transaxial images with a thickness
of 5.89 mm would be reconstructed using the
Butterworth filtered back projection algorithm
(order 10; cut-off 0.40 cycles/cm) without
attenuation or correction.

Regional tracer uptake would be scored,
semiquantatively, from 0 (normal) to 4 (severe
defect) for 17 segments of the left ventricle, and
the sum of the defect scores for all segments
would be calculated to derive the summed rest
score (SRS) [43].

The washout rate of the heart between
20 min and 3 h after intravenous injection of
the 123I-BMIPP would be calculated by the fol-
lowing formula: (count at 20 min - count at
3 h)/count at 20 min 9 100.

The count per pixel data would be measured
for both the heart and the mediastinum, and
the ratio of heart (H)-to-mediastinal (M) uptake
(H/M) at 20 min (early phase) and 3 h (delay
phase) after the injection of 123I-BMIPP would
be calculated [44].

Indirect Calorimetry

Energy expenditure, oxygen consumption
(VO2), carbon dioxide production (VCO2), and
respiratory quotient (RQ) would be measured by
indirect calorimetry using a gas analysis device
(Metalyzer 3B; Cortex, Leipzig, Germany). Sub-
jects, in fasting condition and lying on a bed,
would wear a dedicated mask that was con-
nected to the device. They would then be asked
to breathe normally for 30 min in the quiet
environment of the isolated room. To assess the
indirect calorimetry data, a 5-min interval of
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data of the entire 30-min dataset would be
selected as the steady-state condition. Steady-
state indicates that the respiratory quotient
remains\10%, even when it fluctuates. The RQ
would be calculated by the following formula;
RQ = VCO2 (L/min)/VO2 (L/min).

Clinical and Biochemical Analysis

Blood and urine samples collected at Toho
University Hospital would either be submitted to
the central laboratory of the hospital or to a pri-
vate laboratory (SRL laboratory, Tokyo, Japan)
where they would be analyzed by the following
methods: a chemiluminescent immunoassay for
C-peptide, brain natriuretic peptide, adiponectin,
ferritin, and plasma insulin; a direct method for
high-density lipoprotein cholesterol and low-
density lipoprotein cholesterol; double antibody
radioimmunoassay for leptin and the 7S domain
of type IV collagen; an electrode method for Na,
K, and Cl; an enzymatic method for triglycerides,
creatinine, uric acid, amylase, ketone body frac-
tion, and free fatty acid; high-performance liquid
chromatography for urinary 8-hydroxy-20-deox-
yguanosine; The Japan Society for Clinical
Chemistry transferable method for aspartate
aminotransferase, alanine aminotransferase, and
c-glutamyl transpeptidase; the latex agglutina-
tion method for heart-type fatty acid-binding
protein and HbA1c; nephelometry for plasma
albumin; radioimmunoassay for plasma renin
activity and aldosterone; a sandwich enzyme-
linked immunosorbent assay for plasma gluca-
gon; a test paper method for urine general test;
turbidimetric immunoassay for apolipoproteins
and urinary microalbumin; ultraviolet absorp-
tion spectrophotometry for total cholesterol,
urea nitrogen, and glucose; latex agglutination
turbidimetric immunoassay for hyaluronic acid;
electro-chemiluminescence immunoassay for
cortisol; and chemiluminescent immunoassay
for type III procollagen-N-peptide.

Assessment for Body Composition

Body composition would be measured by an
experienced examiner using a whole body
tetrapolar bioimpedance analyzer (InBody230;

Biospace, Seoul, South Korea). The subject
would stand (bare foot) on the analyzer and
grasp its handles. Investigators would record the
patient’s age, sex, and height. Five body seg-
ments (both arms, both legs, and trunk) would
then be analyzed using different frequencies (20
and 100 kHz). The analyzer calculates the types
of body compositional parameters, such as fat-
free-mass, fat mass, and percentage body fat.

Safety and Evaluation of Adverse Events

During this study, the investigators would
constantly monitor any adverse events (AEs)
through regular medical checkups. All related
AEs, not only side effects to the drug but also
abnormal values from the clinical tests, would
be reported and documented.

Sample Size Estimation

To our knowledge, this study is the first attempt
to compare and identify the better suited med-
ication, empagliflozin (a SGLT2 inhibitor) or
sitagliptin (a DPP4 inhibitor) for improving
cardiac fat accumulation or function. Therefore,
a statistical basis for the chosen target number
of participants does not exist. As the reduction
of lipid accumulation in the liver is associated
with the improvement in cardiac insulin resis-
tance [45], we referred to previous studies with
seven Japanese subjects [17] and 50 US subjects
[46] that addressed the reduction in intrahep-
atic lipid content by sitagliptin administration.
Thus, we estimated that 44 would be a sufficient
and feasible number of subjects for inclusion.

Statistical Analysis

Analysis for the primary and secondary end-
points would be primarily performed on the full
analysis set (FAS). FAS includes all research
subjects enrolled in this study and assigned to a
study treatment. However, subjects without
data for the primary endpoint or subjects with a
significant study protocol violation would be
excluded. Safety analysis with AEs would be
performed on the treated set. Summary statis-
tics would be calculated for continuous
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variables. For comparisons between categorical
variables of the two groups, the chi-square test
or Fisher’s exact test would be used for nominal
variables, and the two-sample t test or Wilcoxon
ranked-sum test would be used for continuous
variables.

Human Rights and Ethical Principles
of Study Subjects

All investigators involved in this study are in
compliance with the ‘‘World Medical Associa-
tion Declaration of Helsinki’’ (2013 revision),
with the ‘‘Ethical Guidelines for Medical and
Health Research Involving Human Subjects’’
(December 22, 2014, Ministry of Education,
Culture, Sports, Science and Technology/Min-
istry of Health, Labor and Welfare), and with
other laws and regulations. All statistical anal-
yses will be performed independently by the
administrative office of the ASSET study using
SAS software version 9.4 (SAS Institute, Cary,
NC, USA).

DISCUSSION

To our knowledge, this will be the first study to
compare the SGLT2 inhibitor, empagliflozin, to
the DPP4 inhibitor, sitagliptin, for the amelio-
ration of cardiac fat accumulation, cardiac
function, and tissue-specific insulin sensitivity
in Japanese patients with T2DM.

For the current study, pericardial fat (epi-
cardial fat and paracardial fat) is set as the pri-
mary endpoint. Many methods to determine
the amount of pericardial fat have been previ-
ously reported [32, 47–49]. Of these methods,
cine-MRI can concurrently measure pericardial
fat and cardiac function. Graner et al. [32]
reported that the area measured as epicardial
and paracardial fat in a single 4-chamber image
assessed by cine-MRI showed a good correlation
with the volumes measured by the conven-
tional Simpson method which covers both right
and left ventricles in a stack of short-axis image
slices. Therefore, we considered that the four-
chamber MR image at the end-diastolic state is
accurate in estimating the amount of epicardial

and paracardial fat and selected this method for
use in this study.

Both pericardial fat and myocardial triglyc-
eride content are considered to be risk factors
for cardiac dysfunction [50]. To estimate the risk
of CVD or heart failure before their onset, it is
important to evaluate cardiac function. Luuk
et al. [51] showed that myocardial triglyceride
content was increased in patients with T2DM
and proposed that this increase impaired LV
diastolic function. In support of this proposal,
Mikko et al. [52] reported that myocardial
triglyceride content correlates with pericardial
fat. Therefore, myocardial triglyceride content
was set as one of the secondary endpoints of
this study. It can be evaluated by 1H-MRS, a
validated, non-invasive, and useful method to
evaluate the content of this particular parame-
ter [35–37].

The EMPA-REG outcomes trial revealed that
empagliflozin prevents patients with diabetes
and CVD from not only 3-point major adverse
CV events (MACE), but also hospitalization due
to heart failure [22]. Surprisingly, in this out-
comes trial hospitalization due to heart failure
was reduced by treatment with empagliflozin
compared to placebo after only 12 weeks of
intake. Although it has been considered that
diabetes causes CVD through arteriosclerosis
progression, the suppression of hospitalization
due to heart failure is unlikely to be ascribed to
the suppression of arteriosclerosis in only
12 weeks. Therefore, empagliflozin might have
other cardiac benefits in addition to protecting
against arteriosclerosis. In this study, we
hypothesized that empagliflozin is superior to
DPP4 inhibitors in improving cardiac function
via reducing pericardial lipid accumulation.
Some researchers have already reported that
SGLT2 inhibitors reduce epicardial fat accumu-
lation and improve cardiac function [12–14].
Habibi et al. [53] also proved that empagliflozin
improves cardiac diastolic function in a rodent
model of diabetes; however, but this was a sin-
gle-arm study and it is therefore still unknown
whether SGLT2 inhibitors are superior to other
glucose-lowering agents in reducing cardiac
lipid accumulation. In Japan, however, sita-
gliptin, a DPP4 inhibitor, is to date the most
widely prescribed anti-diabetic oral agent and
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might have the effect of reducing ectopic fat,
including epicardial fat [11, 17, 46]. Based on
this information, we selected sitagliptin for use
as the comparator drug in this study. As other
SGLT-2 inhibitors have been found to reduce
pericardial fat after only 12 weeks of medication
intake [12, 14], the study period was set as
12 weeks for this study.

Both empagliflozin and sitagliptin are
known to improve various metabolic parame-
ters as well as possess glucose-lowering effects.
Previous studies have found that the adminis-
tration of SGLT2 inhibitors resulted in lowered
blood pressure [54] and reduced uric acid and
oxidative stress [55]. In contrast, DPP4 inhibi-
tors have been found to reduce inflammatory
markers such as CRP [56, 57] and apolipopro-
tein B [58], and increased adiponectin [59].
Thus, in this study, our aim is to evaluate vari-
ous parameters, such as tissue-specific insulin
sensitivity, cardiac function, cardiac fatty acid
metabolism, energy expenditure, among others.
To evaluate insulin sensitivity in the liver,
muscle, and adipose tissue, the hyper-insuline-
mic–euglycemic clamp is scheduled for use in
this study. As SGLT2 inhibitors reduce body
weight and lipid accumulation, insulin resis-
tance may improve. In fact, it has been reported
that SGLT2 inhibitors improve insulin resis-
tance in humans [60] and rodents [61]. Addi-
tionally, the parameters of 123I-BMIPP
scintigraphy, which can estimate the cardiac
fatty acid metabolism, will be measured in this
study. Furthermore, we will use the indirect
calorimetry method to determine the RQ,
which indicates the ratio of carbohydrate and
lipid as energy substrates. These results should
provide a further understanding of the effect of
SGLT2 and DPP4 inhibitors to reveal the better
therapeutic choice.

While we intend to precisely compare the
effects of empagliflozin and sitagliptin on car-
diac fat accumulation and various metabolic
parameters, this study has several limitations.
First, it is an open-label study, and subjects can
be informed of their medication details, which
may affect the results. Second, all patients are
Japanese and the study’s duration is short.
Third, to estimate insulin sensitivity in cardiac
muscle, a more suitable method would have

been the cardiac proton emission tomography
(PET) method with a stable isotope [62]; how-
ever, we cannot perform this method at the
study site due to our faculty’s lack of the
appropriate instrumentation and expertise.
Finally, all subjects do not have CVD; thus, this
study will reveal information limited to primary
prevention and will leave the effects on sec-
ondary prevention unclear.

CONCLUSION

Through the ASSET study, we intend to eluci-
date the effects of empagliflozin on pericardial
fat, myocardial fat, cardiac function, and tissue-
specific insulin sensitivity compared to sita-
gliptin. No prior studies have assessed and
compared this many cardiometabolic parame-
ters in a comprehensive manner. In addition,
this study will reveal the potential benefits of
empagliflozin, and the results will enable us to
propose an effective treatment strategy against
cardiac lipid accumulation and function in
T2DM. The results of this study will be available
in 2020.
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