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ABSTRACT

Introduction: To compare the effects of ipra-
gliflozin, a sodium-glucose transporter 2 inhi-
bitor, with those of metformin on visceral fat (as
well as muscles and bones) in Japanese elderly
patients with type 2 diabetes (T2D), we con-
ducted a sub-analysis of a prospective, multi-
center, blinded-endpoint randomized-
controlled study.

Methods: In total, 103 patients with T2D (body
mass index C 22 kg/m2; glycated hemoglobin,
7–10%) and being treated with sitagliptin (a
dipeptidyl peptidase-4 inhibitor) were included
and randomized to receive ipragliflozin or
metformin. The primary outcome was the
change in visceral fat area measured using
computed tomography 24 weeks following
treatment. The secondary outcomes included
changes in subcutaneous and total fat area,
muscle volume, bone density measured using
computed tomography, handgrip strength,
bone markers, plasma glucose, insulin, home-
ostasis model assessment (HOMA)2-beta,
HOMA2-R, glycated hemoglobin, lipid panel,
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uric acid, blood pressure, adiponectin, and
high-sensitivity C-reactive protein. All patients
aged 65–74 years were selected for sub-analysis.
Results: The sub-analysis included 15 and 14
patients in the ipragliflozin and metformin
groups, respectively. The patients’ backgrounds
were well balanced. Visceral fat area reduction
was greater in the ipragliflozin group than in
the metformin group (- 10.58% vs. - 6.93%;
P = 0.034). There were significant differences in
the changes in bone absorption markers, uric
acid, and total cholesterol levels between the
groups.
Conclusion: Ipragliflozin significantly reduced
the visceral fat area compared with metformin
when added to sitagliptin in elderly patients
with T2D. Long-term and large-scale studies are
required to elucidate whether ipragliflozin is
suitable for elderly patients.
Trial Registration: The study was registered at
https://www.umin.ac.jp/ctr/ (UMIN-ID: UMIN
000015170).

Keywords: Bone; DPP-4 inhibitor; Elderly;
Ipragliflozin; Metformin; Muscle; SGLT2
inhibitor; Sitagliptin; Type 2 diabetes; Visceral
fat

Key Summary Points

Why carry out this study?

In our previous randomized control study
on Japanese patients with type 2 diabetes
being treated with sitagliptin, we found
that the mean percentage reduction in the
visceral fat area was significantly greater in
the ipragliflozin group than in the
metformin group.

Although it is known that elderly patients
are at a higher risk for sarcopenia and
osteoporosis than non-elderly patients,
information regarding the effects of
sodium-glucose transporter 2 inhibitors
on elderly patients remains inadequate.

We conducted a sub-analysis of our
previous randomized control study to
evaluate whether the sodium-glucose
transporter 2 inhibitor ipragliflozin and
metformin reduce visceral fat and control
glucose in elderly patients with T2D and
how these treatments affect muscle mass
and bone density.

What was learned from the study?

Ipragliflozin significantly reduced the
visceral fat area compared with metformin
when added to sitagliptin in elderly
patients with type 2 diabetes.

Ipragliflozin significantly reduced the uric
acid concentration compared with
metformin when added to sitagliptin in
elderly patients with type 2 diabetes.

Long-term and large-scale studies are
required to elucidate whether ipragliflozin
is suitable for elderly patients.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13078832.

INTRODUCTION

In Japan, 2 million patients, accounting for
more than two-thirds of patients with type 2
diabetes (T2D), are aged C 65 years, and
approximately 60% of male and 30% of female
patients are obese [1]. Although the use of
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dipeptidyl peptidase-4 (DPP-4) inhibitors as
first-line therapy is not recommended by inter-
national guidelines, they are often used as first-
line treatment for elderly patients with T2D in
Japan [2], because they have few side effects
such as hypoglycemia [3]. However, in a subset
of patients, blood glucose levels are insuffi-
ciently controlled by DPP-4 inhibitors; thus,
multiple drug treatment is required.

Previous studies have shown that the accu-
mulation of visceral fat is significantly associ-
ated with metabolic abnormalities [4]. We had
previously conducted a randomized-controlled
study [5] to evaluate the efficacy of ipragliflozin,
a novel sodium-glucose transporter 2 (SGLT2)
inhibitor, compared with that of metformin, for
visceral fat reduction and glycemic control in
Japanese patients with T2D being treated with
sitagliptin. Our results showed that the mean
percentage reduction in visceral fat area was
significantly greater in the ipragliflozin group
than in the metformin group. As the percentage
of visceral fat to body weight generally increases
with age, elderly patients are at a higher risk of
associated metabolic abnormalities than young
patients [6].

Moreover, elderly patients have a higher risk
for sarcopenia and osteoporosis [7] and are at a
higher risk of experiencing side effects related to
the administered drugs than non-elderly
patients [8]. However, information regarding
the effects of SGLT2 inhibitors on elderly
patients remains inadequate.

To study whether the SGLT2 inhibitors
ipragliflozin and metformin reduce visceral fat
and control glucose in elderly patients with T2D
and how these treatments affect muscle mass
and bone density, we conducted a sub-analysis
of a previous randomized control study involv-
ing elderly patients aged 65–74 years.

METHODS

This is a sub-analysis of a prospective, multi-
center, open-label, blinded-endpoint random-
ized-controlled study involving 103 patients
with T2D aged 20–74 years. The study design
has been described previously [9]. The protocol
for this research was approved by the relevant

constituted ethics committees of the institu-
tions, and it conforms to the provisions of the
Declaration of Helsinki. The participants pro-
vided written informed consent and were
enrolled between September 2014 and Septem-
ber 2016. The inclusion criteria were as follows:
patients with T2D receiving sitagliptin for [
12 weeks; body mass index (BMI) C 22 kg/m2;
estimated glomerular filtration rate[ 50.0 ml/
min/1.73 m2; glycated hemoglobin (HbA1c)
C 7% and\10%. All patients who satisfied
these eligibility criteria were randomized (1:1)
to receive either ipragliflozin or metformin.
Patients in the ipragliflozin group received
50 mg of oral ipragliflozin daily. Patients in the
metformin group were initially administered
500 mg of metformin daily, which was
increased to 1000 mg of metformin daily after
2–4 weeks; however, the lower dose was con-
tinuously administered to patients who could
not tolerate the higher dose. The primary out-
come was any change in visceral fat area
between the groups, as measured using com-
puted tomography (CT) before study drug
administration and after 24 weeks. CT images
were then centrally evaluated by two radiolo-
gists who were blinded to the personal clinical
information of the patients and treatment
assignment. The secondary outcomes included
changes in total and subcutaneous fat area,
muscle volume, bone density measured by CT,
body weight, BMI, waist circumference, hand-
grip strength, the bone formation marker bone
alkali phosphatase (BAP), the bone absorption
marker tartrate-resistant acid phosphatase-5b
(TRACP-5b), fasting plasma glucose, insulin,
homeostasis model assessment (HOMA)2-beta,
HOMA2-R, HbA1c, total cholesterol, low-den-
sity lipoprotein cholesterol (LDL-C), fasting
triglycerides, high-density lipoprotein choles-
terol (HDL-C), non-HDL-C, uric acid levels,
blood pressure, adiponectin, and high-sensitiv-
ity C-reactive protein (hs-CRP). The visceral
adiposity index (VAI) [10] was evaluated based
on waist circumference, BMI, and triglyceride
and HDL-C levels. Treatment safety was assessed
by recording all adverse events that were
observed during the study. Hypoglycemia was
evaluated based on symptom reports. Patients
aged C 65 years were selected for sub-analysis.
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The primary and secondary outcomes in
elderly and non-elderly patients (\65 years)
were also compared for reference.

Statistical Methodology

Outcomes were analyzed according to the data
sets and expressed as the mean (standard devi-
ation [SD] or 95% confidence interval [95% CI])
or median (95% CI), as appropriate. For the
primary outcome, the least-square mean differ-
ence in any change in the visceral fat area in
24 weeks between the groups and its 95% CIs
were estimated using analysis of covariance
adjusted for baseline waist circumference,
HbA1c, and baseline visceral fat area. The allo-
cation factors were defined as possible con-
founders and previously listed in the statistical
analysis plan, based on the ICH harmonized
tripartite guideline statical principals for clinical
trials. The power calculated as follows: the dif-
ference in the primary endpoint between the
groups was - 17.5, SD ± 19, the significance
level was 5% on both sides, and the number of
patients was 29 (15 in the ipragliflozin group
and 14 in the metformin group). For secondary
outcomes, treatment group results were com-
pared using Student’s t test or the Wilcoxon
rank-sum test and Hodges-Lehmann estimator
for continuous variables or using Pearson’s chi-
square test or Fisher’s exact test for categorical
outcomes, as appropriate. All P values were two
sided, and results with P values\ 0.05 were
considered statistically significant. All analyses
were performed using SAS 9.4 (SAS Institute,
Cary, NC, USA).

RESULTS

The enrollment process for the study is descri-
bed in Fig. 1. The sub-analysis was performed
with 15 elderly patients in the ipragliflozin
group and 14 elderly patients in the metformin
group. In this sub-analysis, 15 females and 14
males with a mean age of 69.0 ± 2.6 years and
mean HbA1c 8.0 ± 0.8% were included. Patient
characteristics were well balanced between the
groups except for the percentage of blood pres-
sure-lowering medicine use (Table 1). The

characteristics of all patients in the two age
groups (elderly/non-elderly) are shown in
Table S1. The ratio of the visceral fat area to
body weight was significantly greater in the
elderly than in the non-elderly (mean ± SD,
2.3 ± 0.7 vs. 1.9 ± 0.7; P = 0.015).

In the metformin group, none of the patients
could tolerate an increased dose so they con-
tinued with the 500 mg metformin daily dose.
Therefore, the average dose of metformin was
500 mg.

Body Composition

The primary and secondary outcomes are
shown in Fig. 2 and Table 2. The percentage
reduction in visceral fat area in the ipragliflozin
group was significantly higher than that in the
metformin group [mean (95% CI), - 10.58
(- 28.12, 6.95) % vs. 6.93 (- 10.66, 24.51) %;
P = 0.034] (Fig. 2). Moreover, the reduction in
the ratio of visceral fat area to body weight was
significantly greater in the ipragliflozin group
than in the metformin group (mean ± SD,
- 15.10 ± 17.76% vs. 1.30 ± 15.37%;
P = 0.019) (Table 2). Although not statistically
significant, the reductions in total fat area
(- 9.07 ± 14.04% vs. 4.10 ± 19.22%;
P = 0.058) and waist circumference
(- 2.03 ± 3.71% vs. 1.02 ± 5.04%; P = 0.073)
were greater in the ipragliflozin group than in
the metformin group (Fig. 2). However, there
was no significant difference in subcutaneous
fat area, body weight, BMI, and VAI between the
groups (Table 2). Moreover, in the ipragliflozin
group, the reduction in the ratio of the visceral
fat area to body weight in the elderly tended to
be greater than that in the non-elderly [- 15.10
(- 26.38, - 3.81) % vs. - 3.31 (- 10.04, 3.41)
%; P = 0.066] (Table S2).

In addition, there were no significant differ-
ences between the ipragliflozin and metformin
groups regarding changes in abdominal muscle
area (- 2.92 ± 5.51% vs. - 1.87 ± 2.58%;
P = 0.540), bone density (- 4.45 ± 19.74% vs.
- 4.71 ± 10.78%; P = 0.967), and handgrip
strength (0.91 ± 8.66% vs. 8.83 ± 16.29%;
P = 0.120) (Table 2; Fig. 2). However, handgrip
strength in the elderly was significantly higher
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than that in the non-elderly (8.83 ± 16.29% vs.
0.33 ± 11.22%; P = 0.043) following metformin
treatment (Table S3).

Although there was no difference in the
observed changes in BAP level between the
treatment groups, the change in TRACP-5b level
in the ipragliflozin group was significantly
greater than that in the metformin group [me-
dian (95% CI), 7.56 (- 5.23, 34.75) % vs.
- 10.41 (- 18.72, - 0.83) %; P = 0.027]
(Table 2).

Glycemic Control

Both drug regimens reduced HbA1c and fasting
plasma glucose levels relative to the baseline

value. Although HbA1c levels tended to be
lower in the metformin group than in the
ipragliflozin group, the differences in the
changes in fasting plasma glucose, fasting
insulin levels, HOMA2-beta, and HOMA2-R at
24 weeks between the groups were not statisti-
cally significant (Table 2).

Additional Secondary Outcomes (Blood
Lipid Panel, Uric Acid, Blood Pressure,
Adiponectin, and hs-CRP)

Although the reduction percentage in the total
cholesterol level in the metformin group was
significantly larger than that in the ipragliflozin
group (1.11 ± 6.55% vs. - 8.46 ± 11.58%;

Fig. 1 CONSORT diagram
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Table 1 Baseline clinical characteristics

Ipragliflozin, n = 15 Metformin, n = 14 P value
Mean – SD Mean – SD

Age (years) 68.7 ± 2.4 69.4 ± 2.9 0.483

Male, n (%) 7 (46.7) 7 (50.0) 0.858

Body weight (kg) 67.6 ± 10.6 70.1 ± 9.2 0.507

BMI (kg/m2) 26.8 ± 3.8 27.1 ± 3.9 0.842

Waist circumference (cm) 92.5 ± 9.6 93.2 ± 8.9 0.837

Diabetes duration (years) 8.0 ± 5.1 7.5 ± 6.2 0.847

HbA1c (%) 7.9 ± 0.7 8.0 ± 0.9 0.744

Fasting plasma glucose (mg/dl) 171.9 ± 38.6 166.5 ± 30.5 0.688

Fasting insulin (lU/ml) 13.0 ± 12.7 10.0 ± 4.4 0.872

HOMA2-beta 39.2 ± 22.3 34.8 ± 13.9 0.890

HOMA2-R 2.0 ± 2.0 1.5 ± 0.7 0.818

Total cholesterol (mg/dl) 187.5 ± 33.0 183.4 ± 34.8 0.753

Triglyceride (mg/dl) 126.8 ± 37.9 129.6 ± 69.8 0.629

LDL-cholesterol (mg/dl) 110.5 ± 27.4 102.7 ± 23.8 0.429

HDL-cholesterol (mg/dl) 50.0 ± 12.4 51.6 ± 7.2 0.867

Non-HDL-cholesterol (mg/dl) 136.5 ± 26.5 132.5 ± 32.3 0.721

SBP (mmHg) 139.5 ± 15.4 136.1 ± 18.2 0.591

DBP (mmHg) 80.9 ± 7.7 74.6 ± 9.8 0.065

Uric acid (mg/dl) 4.8 ± 1.2 4.8 ± 1.2 0.965

Adiponectin (lg/ml) 8.7 ± 5.8 8.1 ± 3.8 0.731

hs-CRP (mg/dl) 0.14 ± 0.13 0.15 ± 0.11 0.854

Visceral fat area (cm2) 163.2 ± 66.3 158.9 ± 55.0 0.856

Subcutaneous fat area (cm2) 169.5 ± 65.2 186.3 ± 66.4 0.512

Total fat area (cm2) 332.7 ± 106.2 345.3 ± 96.0 0.749

Handgrip strength (kg) 28.7 ± 9.9 28.1 ± 11.6 0.882

BAP (lg/l) 15.6 ± 5.6 13.7 ± 4.0 0.490

TRACP-5b (mU/dl) 350.6 ± 130.2 376.5 ± 112.1 0.534

Bone density in fourth lumbar vertebra (HU) 219.1 ± 49.8 194.6 ± 62.8 0.252

Abdominal muscle area (cm2) 236.8 ± 61.5 233.3 ± 63.4 0.884

Visceral fat area/body weight (cm2/kg) 2.41 ± 0.73 2.25 ± 0.68 0.566

Visceral adiposity index 2.4 ± 1.2 2.3 ± 1.4 0.863

Smoking, n (%) 6 (40) 5 (35.7) 0.812
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P = 0.011), there was no significant difference
between the groups regarding changes in LDL-
C, HDL-C, and triglyceride levels (Table 2).
Changes in non-HDL-C tended to be lower in
the metformin group than in the ipragliflozin
group. The uric acid level was lower in the
ipragliflozin group than in the metformin group
(- 8.83 ± 14.52% vs. 6.10 ± 17.93; P = 0.020).
The changes in blood pressure, adiponectin,
and hs-CRP were similar between the groups
(Table 2).

Adverse Events

The metformin group showed a significantly
higher incidence of gastrointestinal distur-
bances than the ipragliflozin group [13.3 (1.7,
40.5) % vs. 64.3 (35.1, 87.2) %; P = 0.008]. There
were no severe adverse events in either group.

DISCUSSION

The aim of this sub-analysis was to compare the
effects of ipragliflozin and the

antihyperglycemic agent metformin on visceral
fat and several other outcomes in young-elderly
Japanese patients (65–74 years) diagnosed with
T2D that was being insufficiently controlled
with sitagliptin.

In this study, the SGLT2 inhibitor ipragli-
flozin reduced visceral fat, did not significantly
decrease muscle mass and bone density, and
was associated with a lower risk of gastroin-
testinal disturbance compared with metformin.
At 24 weeks, the HbA1c and total cholesterol
levels were lower in the metformin group than
in the ipragliflozin group. Uric acid levels were
lower and TRACP-5b levels were higher in the
ipragliflozin group than in the metformin
group. There were no severe adverse events in
either group. Although several outcomes in this
sub-analysis are the same as those in the anal-
ysis of all participants, the point to be noted is
that ipragliflozin and metformin likely have the
same effects in elderly patients and non-elderly
patients. Moreover, the uric acid reduction
effect was reported for the first time.

In the age group of 65–74 years included in
this sub-analysis, the prevention of diabetes-

Table 1 continued

Ipragliflozin, n = 15 Metformin, n = 14 P value
Mean – SD Mean – SD

Complications

Hypertension, n (%) 14 (93.3) 9 (64.3) 0.054

Dyslipidemia, n (%) 11 (73.3) 12 (85.7) 0.411

Hyperuricemia, n (%) 0 (0.0) 0 (0.0) NA

Diabetic retinopathy, n (%) 1 (6.7) 1 (7.1) 0.629

Diabetic nephropathy, n (%) 7 (46.7) 7 (50.0) 0.617

Diabetic neuropathy, n (%) 2 (13.3) 3 (21.4) 0.629

Medication

Blood pressure lowering, n (%) 14 (93.3) 8 (57.1) 0.023

Lipid lowering, n (%) 9 (60.0) 8 (57.1) 0.876

Data are presented as the mean ± SD or n (%) unless otherwise indicated
SD standard deviation, BMI body mass index, HbA1c glycated hemoglobin, HOMA2 homeostasis model assessment 2,
LDL-cholesterol low-density lipoprotein cholesterol, HDL-cholesterol high-density lipoprotein cholesterol, SBP systolic blood
pressure, DBP diastolic blood pressure, hs-CRP high-sensitivity C-reactive protein, BAP bone alkali phosphatase, TRACP-5b
tartrate-resistant acid phosphatase-5, NA not available
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associated complications, such as cardiovascu-
lar disease, sarcopenia, frailty, and osteoporosis,
is critical to ensure healthy and active life. In
elderly individuals, high visceral fat accumula-
tion rather than high BMI is associated with a
higher risk of death [11]. Indeed, BMI generally
decreases and visceral fat increases with age,
resulting in various metabolic disorders. These
changes lead to an increased risk of cardiovas-
cular disease [12, 13]. In contrast, the decrease
in muscle mass associated with age can lead to
sarcopenia and sarcopenic obesity. Although
abdominal fat accumulation and loss of muscle
mass are common changes associated with
aging, elderly patients with sarcopenic obesity

are generally more inactive and are at a higher
risk of falls, fractures, and death [14, 15].
Therefore, it is important to reduce visceral fat
while maintaining muscle mass and bone
volume.

The reduction in visceral fat per kilogram of
body weight following ipragliflozin treatment
was great in the elderly. The visceral fat is the
main depot of white adipose tissue for energy
storage, whereas the subcutaneous fat is neces-
sary to maintain body temperature and protect
organs from external shocks. Reportedly, vis-
ceral fat has smaller adipocytes [16] and higher
basal lipolysis rates than subcutaneous fat [17].
Therefore, reductions in visceral fat are more
rapidly [18, 19] and easily accomplished than
reductions in subcutaneous fat [20]. The elderly
have more visceral fat and less subcutaneous fat
per kilogram of body weight than the non-
elderly. Therefore, visceral fat might be used as
an energy supplement at first. As a result, the
reduction in visceral fat per kilogram of body
weight was assumed to be greater in the elderly.
In this study, although the visceral fat was
reduced, subcutaneous fat was not. Most of the
fat in the whole body is subcutaneous fat
[21, 22], and even if the visceral fat reduces, the
effect on the total fat is small. Therefore, the
total fat was not significantly reduced.

SGLT2 inhibitors may be an effective treat-
ment strategy to prevent various metabolic
disorders in the age group of 65–74 years, espe-
cially in elderly patients whose visceral fat is
high. Uric acid levels were significantly
decreased in the ipragliflozin group, as previ-
ously reported [23], because ipragliflozin pro-
motes uric acid excretion in the proximal
tubule. Although the total cholesterol level was
reduced to a greater extent in the metformin
group than in the ipragliflozin group, changes
in other lipid and glucose profiles, blood pres-
sure, adiponectin, and hs-CRP were not signifi-
cantly different between the groups. A similar
result was reported in a previous study, in
which, although dapagliflozin therapy
improved glucose control and reduced body
weight, it exerted no significant effect on HDL-
C levels and HDL functionality [24]. However,
the number of patients in this sub-analysis

Fig. 2 Changes in visceral fat area, subcutaneous fat area,
total fat area (upper), bone density, abdominal muscle area,
and handgrip strength (lower) from baseline following
24 weeks of treatment. Colored columns show mean
values, whereas black bars show 95% confidence intervals.
*P\ 0.05. n.s. not significant
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Table 2 Primary and secondary endpoints at 24 weeks

Ipragliflozin,
n = 15

Metformin, n = 14 Difference between
groups (%)

95% CI P value

Change from
baseline (%)

Change from
baseline (%)

Visceral fat area

(adjusted)

- 10.58 6.93 - 17.51 - 33.51 - 1.52 0.034

Visceral fat area

(crude)

- 17.82 - 0.26 - 17.56 - 33.02 - 2.11 0.028

Subcutaneous fat

area

- 1.95 7.13 - 9.08 - 25.62 7.45 0.268

Total fat area - 9.07 4.10 - 13.17 - 26.79 0.46 0.058

Body weight - 2.99 - 1.16 - 1.83 - 4.31 0.65 0.141

BMI - 2.99 - 1.16 - 1.83 - 4.31 0.65 0.141

Waist circumference - 2.03 1.02 - 3.05 - 6.41 0.30 0.073

Bone density - 4.45 - 4.71 0.26 - 12.38 12.90 0.967

Abdominal muscle

area

- 2.92 - 1.87 - 1.04 - 4.50 2.41 0.540

Visceral fat

area/body weight

- 15.10 1.30 - 16.39 - 29.80 - 2.99 0.019

Visceral adiposity

index

- 10.70 - 8.14 - 2.57 - 33.74 28.61 0.867

Handgrip strength 0.91 8.83 - 7.92 - 18.05 2.21 0.120

BAP* - 0.77 - 7.74 12.03 - 6.14 28.62 0.182

TRACP-5b* 7.56 - 10.41 17.97 2.73 33.71 0.027

HbA1c - 6.48 - 12.89 6.41 - 0.31 13.13 0.061

Fasting blood glucose - 11.76 - 14.38 2.62 - 11.19 16.43 0.700

Insulin level change* - 20.51 - 1.96 - 6.80 - 38.55 19.15 0.747

HOMA2-beta (%)* 9.61 16.01 - 7.64 - 44.30 24.65 0.608

HOMA2-R (%)* - 21.97 - 8.19 - 11.56 - 44.22 17.65 0.510

Total cholesterol 1.11 - 8.46 9.57 2.39 16.74 0.011

LDL-C - 0.27 - 9.86 9.59 - 2.11 21.28 0.104

HDL-C 8.49 4.80 3.70 - 4.96 12.35 0.389

Triglyceride* - 9.29 - 7.89 - 1.86 - 28.98 28.54 0.890

Non-HDL-C - 1.61 - 12.86 11.25 - 0.55 23.05 0.061

Uric acid - 8.83 6.10 - 14.93 - 27.33 - 2.54 0.020

SBP - 0.57 - 2.14 1.57 - 8.07 11.20 0.741
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might not have been large enough to show
small differences between the groups.

Reportedly, the observed prevalence of sar-
copenia in patients with T2D aged C 65 years is
as high as 18.7% in Japan, and this proportion
increases with age [25], making it a significant
concern among elderly patients with T2D. In
general, weight loss may reduce muscle mass as
well as fat. In this study, there was no signifi-
cant difference in the changes in abdominal
muscle area between the groups. SGLT2 inhibi-
tors have been shown to increase skeletal mus-
cle glucose uptake [26] and decrease insulin
resistance in skeletal muscle [27]. However,
although ipragliflozin has been reported to
reduce skeletal muscle mass [28, 29], dapagli-
flozin was not found to have the same effect
[30]. Therefore, additional longitudinal studies
are warranted to clarify the effects of ipragli-
flozin on muscle mass and provide a full safety
profile.

In the metformin group, handgrip strength
was increased by 8.8%. Metformin has previ-
ously been reported to affect the mitochondria
and activate adenosine monophosphate-acti-
vated protein (AMP) kinase. In muscle, AMP
kinase activation promotes glucose transporter
type 4 translocation to the cell membrane to

increase glucose uptake [31–33]. Thus, met-
formin may enhance handgrip strength via
these mechanisms. Reportedly, aging impairs
interleukin-15 signaling via aging-induced
defective AMP kinase activation in muscle
[34, 35]. Therefore, the metformin effect
regarding AMP kinase may be remarkable in the
elderly. Moreover, the administration of
1500 mg of metformin has been reported to
improve walking speed in pre-frail patients
aged C 60 years without diabetes [36].

Although the decrease in fasting plasma
glucose levels was similar in both groups,
HbA1c levels were reduced to a greater extent in
the metformin group than in the ipragliflozin
group. This may be because ipragliflozin treat-
ment increased the hemoglobin concentration
0.92 mg/dl compared with metformin treat-
ment. HbA1c in the ipragliflozin group may
have been affected by hemoglobin concentra-
tion increase. Overall, metformin may be able
to prevent muscle weakness in elderly patients
with T2D who are at risk of sarcopenia or are
frail.

Although concerns have been raised over
fractures during treatment with the SGLT2
inhibitor canagliflozin [37], it has been reported
that metformin may have osteoanabolic effects.

Table 2 continued

Ipragliflozin,
n = 15

Metformin, n = 14 Difference between
groups (%)

95% CI P value

Change from
baseline (%)

Change from
baseline (%)

DBP - 1.06 1.36 - 2.42 - 12.61 7.77 0.630

Adiponectin 6.56 4.99 1.56 - 9.55 12.67 0.775

hs-CRP* - 21.12 - 11.76 - 10.11 - 64.55 31.70 0.519

The difference between groups corresponds to the difference between the ipragliflozin and metformin groups. Negative
values indicate the superiority of ipragliflozin over metformin
The least-square mean difference in any change in the visceral fat area in 24 weeks between the two groups and its 95%
confidence intervals (CIs) were estimated using analysis of covariance adjusted for baseline waist circumference, HbA1c, and
baseline visceral fat area
BAP bone alkali phosphatase, HbA1c glycated hemoglobin, HOMA2 homeostasis model assessment 2, TRACP-5b tartrate-
resistant acid phosphatase-5, hs-CRP high-sensitivity C-reactive protein, SBP systolic blood pressure, DBP diastolic blood
pressure, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol
* Median and Hodges-Lehmann estimator
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Reductions in body weight and adipose tissue
can modulate bone turnover [38]. In this sub-
analysis, the changes in bone density between
the groups were not different, which might be
attributed to several reasons. For example, no
patients with previous bone fractures or osteo-
porosis were included in this study; moreover,
the study duration was short and the sample
size was small. An increase in the bone absorp-
tion marker TRACP-5b was observed in the
ipragliflozin group in a previous study [39], as
observed in elderly patients in this study.
Reportedly, TRACP-5b demonstrates significant
negative correlation with bone mineral density
[40]. Thus, a longer study duration might have
revealed the effects of ipragliflozin on bone.

In a Japanese clinical trial regarding the up-
titration of metformin [41], the rate of gas-
trointestinal disturbances in the elderly (68.3%)
was similar to that obtained in our study
(64.3%). This indicates that the results and
observed side effects obtained in this study may
be extended to the larger population of elderly
patients in Japan.

This study has several limitations. First,
although this was an open-label trial, evaluators
of the primary outcomes were blinded to the
group allocation and clinical information. Sec-
ond, the study population was small and lim-
ited to Japanese patients. The power was 0.7;
thus, the power for the primary endpoint was
satisfied. However, studies with a larger sample
size and various ethnic backgrounds are war-
ranted to confirm our results. Third, the study
duration was limited to only 24 weeks. Fourth,
the dose of metformin was low; however, based
on an administrative claims database linked to
health check-up data in Japan, 72.9% of
patients in whom metformin is initiated are
prescribed 500 mg or less daily; only 2.0% are
prescribed a daily dose [1000 mg [42].
Reportedly, the treatment of 1000 mg met-
formin cannot reduce visceral fat [43]. Even the
treatment of 1500 mg metformin cannot reduce
visceral fat more than another SGLT2 inhibitor,
luseogliflozin [44]. Finally, this study has lim-
ited applicability to patients aged[75 years,
who were not included in this study and for
whom active measures against undernutrition
and frailty are essential.

CONCLUSIONS

Ipragliflozin significantly reduced the visceral
fat area in elderly patients with T2D when
added to a DPP-4 inhibitor compared with
metformin co-treatment. Long-term and large-
scale studies are required to elucidate whether
ipragliflozin is suitable for elderly patients.
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