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Dapagliflozin Reduces Fat Mass without Affecting Muscle Mass in
Type 2 Diabetes
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Aim: Sodium-glucose co-transporter 2 inhibitor (SGLT2i) therapy has been demonstrated to improve
glycemic control and reduce body weight and fat mass in type 2 diabetes mellitus (T2DM). Here,
our aim was to investigate the effects of SGLT2i dapagliflozin-treatment on body muscle mass and
muscle fat content in patients with T2DM.

Methods: We prospectively recruited uncontrolled (hemoglobin Alc [HbAlc] >7%) Japanese T2DM
patients who had a body mass index (BMI) <35 kg/m’. Patients were treated with dapagliflozin (5
mg/day) or non-SGLT2i medicines for six months to improve HbAlc. We investigated changes in
body composition using bioelectrical impedance analysis and changes in psoas muscle mass using
abdominal computed tomography (CT).

Results: Subjects were 50 T2DM patients (72% male) with a mean age of 56.1 years, mean BMI of
27.1 kg/m* and mean HbAlc of 7.9%. HbAlc, body weight, and BMI were significantly decreased
in both treatment groups, and the HbAlc decrease was not significantly different between groups.
Dapagliflozin treatment significantly decreased body weight and total fat mass without affecting
skeletal muscle mass. The absolute change in soft lean mass and skeletal muscle mass was not signifi-
cantly different between groups. Dapagliflozin treatment did not significantly decrease psoas muscle
index, and the absolute change in this index was not significantly different between groups. Dapa-
gliflozin therapy also produced a significant increase in CT radiation attenuation in the third lumbar
paraspinal muscles compared with non-SGLT2i therapy.

Conclusions: Treatment with dapagliflozin for six months significantly improved glycemic control
and reduced body weight without reducing muscle mass in T2DM patients.
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Introduction and Aim

Obesity and ectopic fat accumulation are the fun-
damental pathogenic conditions in patients with type
2 diabetes mellitus (T2DM), and they are ultimately
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associated with insulin resistance’?. Practical approaches

designed to reduce body weight and fat mass (especially
ectopic fat accumulation) may have additional thera-
peutic benefits in preventing and treating T2DM?* 2.
Previous reports have indicated that administration of
a sodium-glucose co-transporter 2 inhibitor (SGLT21i)
improves glycemic control and reduces body weight,
fat mass, and adipose tissue volume (subcutaneous and
visceral)®. The systematic review demonstrated that
treatment with dapagliflozin (a SGLT2i that is widely
used in clinical practice) combined with metformin is
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associated with the significant additional benefit of
weight loss compared with other oral glucose-lowering
agents”).

Dapagliflozin exerts its glucose-lowering effects
through inhibition of the SGLT2 protein in the kid-
ney proximal tubule, resulting in the excretion of glu-
cose and calories into the urine®. This negative energy
balance results in dapagliflozin treatment-associated
weight loss, as has been demonstrated in several clini-
cal studies®'". Diabetic patients frequently exhibit a
progressive decline in muscle mass and impaired mus-
cle functional quality®, which are caused by reduced
insulin sensitivity and decreased mitochondrial func-
tion due to underlining pathogenesis of T2DM'?.
Regarding SGLT2i-induced weight reduction, clinical
concern has been raised over the occurrence of sarco-
penia (decrease in muscle mass) > ', and clinical stud-
ies are therefore needed to determine the weight loss
efficacy and any effects on muscle mass of dapagliflozin
treatment in T2DM patients'.

We hypothesized that dapagliflozin treatment
would improve glycemic control and reduce body weight
and total fat mass without reducing muscle mass. Thus,
we investigated the effects of dapagliflozin on total
and skeletal muscle mass, muscle fat content and mus-
cle quality in uncontrolled (hemoglobin Alc [HbA1c]
>7%) T2DM patients.

Materials and Methods

1. Study Population and Study Protocol

We prospectively recruited stable but uncon-
trolled (HbAlc >7%) Japanese T2DM patients, who
had a body mass index (BMI) <35 kg/m* and who
were not taking SGLT2i medicines, from the Diabetes
Care Center in the Jinnouchi Hospital between 2014
and 2016. Exclusion criteria were the following: type
1 DM; ketoacidosis; age >80 years; unstable cardio-
vascular disease; active inflammation; severe liver dis-
ease; dementia; chronic kidney disease (estimated glo-
merular filtration rate <45 mL/min/1.73 m?); urinary
tract infection; cancer; and those who could not
remain standing to have a body composition examina-
tion. Patients with newly-diagnosed diabetes without
any treatment were also excluded. Attending physi-
cians at the Jinnouchi Hospital non-randomly sepa-
rated the enrolled patients into two groups, i.e., dapa-
gliflozin group and non-SGLT2i group. The decision
of treatment arm was left to the physicians’ discretion.
Patients in the dapagliflozin group were treated with
their ongoing treatments and additional dapagliflozin
(5 mg/day) for 6 months. Patients in the non-SGLT2i
group were treated with their ongoing treatments and
an intensification of glucose-lowering medications (incr-
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eased doses and new medications) without SGLT2i
for 6 months to reduce HbAlc to <7.0% by the end
of the study period. Before starting the treatments, a
fasting blood sample was collected from the antecubi-
tal vein in the morning and body composition (fat and
muscle mass) was measured by bioelectrical impedance
analysis using InBody770 (Biospace, Seoul, Korea) and
plain abdominal computed tomography (CT; Aquil-
ion CXL, Toshiba, Tokyo, Japan). After six months of
treatment, another fasting blood sample was collected
and a second body composition analysis using InBody
and plain abdominal CT was performed. The primary
outcome was dapagliflozin-induced changes in muscle
mass as assessed by bioelectrical impedance analysis
and CT analysis as a prospective parallel-arm open-
label study. The secondary outcome was dapagliflozin-
induced changes in muscle fat content as assessed by
CT radiation attenuation. This study was conducted
in accordance with the Declaration of Helsinki. The
study protocol was approved by the Human Ethics
Review Committee of the Jinnouchi Hospital and a
signed consent form was obtained from each patient.

2. Outcomes

The primary end point was treatment-induced
changes in skeletal muscle mass as assessed by bioelec-
trical impedance analysis using InBody770. We tested
the non-inferiority of the dapagliflozin-induced
changes in skeletal muscle mass compared with non-
SGLT?2i therapy following a six-month course of treat-
ment.

3. Measurement of Body Composition

Body composition including total fat mass, soft
lean mass, and skeletal muscle mass was measured using
a direct segmental multi-frequency bioelectrical imped-
ance analyzer (InBody770)'?. This analyzer processes
30 impedance measurements using six different fre-
quencies (1, 5, 50, 250, 500, 1,000 kHz) on five body
segments (right arm, left arm, trunk, right leg, left
leg), and 15 reactance measurements using tetrapolar
8-point tactile electrodes at three different frequencies
(5, 50, 250 kHz) on the same five body segments'”.
The skeletal muscle mass index (SMI), a quantitative
indicator of sarcopenia, was calculated using the fol-
lowing formula: SMI= (skeletal muscle mass [kg]/the
square of height [m?])'®.

4. Measurement of Psoas Muscle Area at the Third
Lumbar Vertebral Body

We manually traced the outer margin of the
cross-section of the major psoas muscle at the level of
the caudal end of the third lumbar vertebral body (L3)
on the plain abdominal CT images, and defined the
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Table 1. Baseline Clinical Characteristics

Total patients Dapagliflozin Non SGLT2i
(n=50) (n=28) (n=22) pvalue
Age (years) 56.1£7.6 55.6%7.4 56.7%7.9 »=0.60
Sex (male:%) 72.0% 75.0% 68.2% p=0.75
Body mass index (kg/m?) 27.1%£29 27.5+2.4 26.2%+3.4 2=0.12
Hypertension 68.0% 67.9% 68.2% »=1.00
Dyslipidemia 74.0% 75.0% 72.7% »=1.00
Current smoking 28.0% 28.6% 27.3% »=1.00
Duration of diabetes (years) 10.0 (8.0—17.3) 10.0 (7.3-16.5) 10.5 (8.8—19.3) »=0.31
Hemoglobin Alc (%) 7.7 (7.3-8.2) 7.9(7.3-8.7) 7.6 (7.2-8.1) p=047
Fasting plasma glucose (mg/dL) 138+37 137 +38 139+35 2=0.83
Anti-diabetic medicines (%) - - - -

Sulfonylureas 34.0% 39.3% 27.3% 2=0.55
Glinide 14.0% 14.3% 13.6% p=1.00

Metformin 100% 100% 100% NA
Daily dose (mg/day) 1060.0+376.5 1116.1%322.6 988.6+432.9 2=0.26
Alpha-glucosidase inhibitor 14.0% 10.7% 18.2% 2=0.68
Thiazolidinedione 8.0% 14.3% 0.0% »=0.12
DPP-4 inhibitor 44.0% 39.3% 50.0% »=0.57
GLP-1 receptor agonist 8.0% 10.7% 4.5% »=0.62
Insulin 36.0% 28.6% 45.5% »=0.25

NA: not available, SGLT2i: sodium glucose co-transporter 2 inhibitor, DPP-4: dipeptidyl peptidase, GLP-1: glucagon like peptide-1

sum of the left and right cross-sectional areas of psoas
muscles as the psoas muscle area (PMA) (cm?). The
psoas muscle index (PMI), a quantitative index of the
total skeletal muscle mass, was calculated using the
following formula: PMI=(PMA [cm®]/the square of
the height [m?*])'?.

5. Measurement of CT Radiation Attenuation in
the Lumbar Paraspinal Muscles at L3

To assess skeletal muscle quality including fatty
muscle (ectopic fat deposition in muscle), we traced
the lumbar paraspinal muscles at the level of the L3
and measured the CT radiation attenuation of the traced
area by calculating the average Hounsfield unit values”.

6. Blood Sampling and Measurement of Clinical
Parameters

Fasting blood samples were collected from the
antecubital vein in the morning. Blood analyses were
conducted in the hospital laboratory for the measure-
ment of blood glucose, HbAlc, and creatinine.

7. Statistical Analysis

The results of normally distributed continuous
variables (determined by the Shapiro-Wilk test) are
expressed as the mean *+standard deviation (SD), and
those of continuous variables with skewed distribu-
tions are expressed as median (interquartile range).

Differences in the baseline characteristics of the two
groups were analyzed by Student’s z-test, Mann-Whit-
ney U-test, or Fisher’s exact test for categorical data, as
appropriate. Paired Student’s #-test or Wilcoxon test
was used to analyze the effect of each treatment. Pear-
son’s correlation coefficient was used to investigate the
association between changes in body fat percentage and
changes in total body weight. The choice of a non-
inferiority margin and standard SD for changes in skel-
etal muscle mass was based on a combination of clini-
cal judgment and statistical reasoning. Because there
are no data from previous trials to help define the
clinical difference between treatments, we relied on
our own and outside experts’ clinical judgment to deter-
mine that a margin of inferiority of 1 kg is an irrele-
vant small difference and the SD for changes in skele-
tal muscle mass is 1 kg. Non-inferiority was demon-
strated within a margin of 1 kg at a one-sided signifi-
cance level of 0.025 and a power of 80% (calculated
when changes in skeletal muscle mass in both arms are
the same and the SD for changes in skeletal muscle
mass is 1 kg), with a sample size of 17 per arm (34 in
total). Including loss to follow up and variations in
numbers between the two treatment groups, we set a
sample size of 50 in total. The difference between
treatment groups in changes in skeletal muscle mass
from baseline to six months was also assessed using
analysis of covariance with adjustment for the baseline
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Table 2. Changes in Body Weight, Body Composition, and Glucose Metabolic Parameters

Dapagliflozin (n=28)

Non-SGLT2i (n=22)

Pvalue Pvalue
Baseline 6 months Baseline 6 months

HbA1c (%) 7.9(7.3-8.7)  6.8(64-7.5) »<0.01 7.6(7.2-81)  7.0(66-7.7)  p<0.01
Absolute change (%) -1.2(-1.4--0.5) -0.6 (-1.0—-0.3)
Fasting plasma glucose (mg/dl) 137 +38 116+24 »<0.01 139+35 127 +27 2=0.18
Absolute change (mg/dl) -20.5%27.3 -12.4%42.0
Body mass index (kg/m?) 27.5%£2.4 26.3%2.5 »<0.01 26.2%3.4 25.8+3.6 2=0.03
Absolute change (kg/m?) -1.2%0.9 i -0.4%0.8
Body weight (kg) 76.7+7.4 733£75  p<0.0l 71.6£10.3 706108  »=0.03
Absolute change (kg) -34%£26 i -1.1%£2.0
Waist circumference (cm) 96.7+6.6% 92.9+7.4 »<0.01 92.5£7.4 91.0+8.2 »=0.06
Absolute change (cm) -2.8(-6.6—-0.8) -1.3(-3.7-1.7)
Total Fat mass (kg) 24.9+6.0% 21.8+6.6 »<0.01 21.3%6.1 20.7%6.8 2=0.20
Absolute change (kg) -3.1£2.6 i -0.6x£2.0
Body Fat Percentage (%) 32.3+7.3 29.6+8.2 »<0.01 29.6+7.4 29.0+8.0 »=0.26
Absolute change (%) -2.7%29 i -0.5%2.2
Soft lean mass (kg) 49.1+6.3 48.6%6.8 »=0.18 47.6x7.9 47.1+7.8 2=0.12
Absolute change (kg) -0.5+1.8 -0.5%1.3
Soft lean mass percentage (%) 64.1%6.8 66.4%7.8 £<0.01 66.6x7.1 67.1x7.6 »=0.25
Absolute change (%) 2.4%2.6 i 0.5+2.1
Skeletal muscle mass (kg) 28.7x4.0 28.5+4.3 p=0.34 27.8+5.0 27.5%4.9 2=0.15
Absolute change (kg) -0.2%1.2 -0.2%0.7
Skeletal muscle mass percentage (%) 37.5+4.3 38.9+5.0 »<0.01 38.8x4.4 39.2+4.7 2=0.18
Absolute change (%) 1.5%1.7 kS 0.4+1.2
Psoas muscle area Index (cm?/m?) 6.46%1.82 6.39+1.80 »=0.13 6.56+1.92 6.48%1.88 »=0.10

Absolute change (cm*/m?)

-0.071 (- 0.214-0.087)

0.000 (- 0.121-0.000)

Paraspinal muscle attenuation (HU)

Absolute change (HU) 1.61+2.32

43.6 (38.7—48.5) 45.1 (38.9-50.6) »<0.01

43.6 (39.6—46.9) 43.1 (37.5-47.7) p=0.86
kX 0.10£2.3

HbAlc, hemoglobin Alc, f 2<0.01, ¥ 2<0.05 Dapagliflozin group versus Non-SGLT?2 inhibitor group at baseline and absolute change

measures as covariates. We calculated the inter-group
difference with a 95% confidence interval (CI) for the
primary end point to examine the non-inferiority. A
p-value <0.05 was considered statistically significant.
Statistical analyses were performed using the Statistical
Package for Social Sciences version 23 (SPSS Inc.,
IBM, Tokyo, Japan).

Results

1. Baseline Clinical Characteristics of the Study
Subjects

The present study involved 50 Japanese patients
with stable but uncontrolled (HbAlc >7.0%) T2DM.
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The clinical baseline characteristics of the patients are
shown in Table 1. The mean age of the 50 patients
was 56.1 years, 72.0% were male, the mean BMI was
27.1 kg/m?, HbAlc was 7.9%, and fasting plasma glu-
cose (FPG) was 138 mg/dL. There were no significant
differences in the measured characteristics between
groups. At enrollment, 36% of patients were treated
with insulin. The baseline characteristics of patients in
the dapagliflozin group were similar to those of the
non-SGLT2i group. BMI, HbAlc, FPG, and duration
of diabetes were not significantly different between
groups. None of the baseline parameters, except waist
circumference (p<0.05) and total fat mass (p<0.05),
were significantly different between the dapagliflozin
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Fig. 1. Dot plot of soft lean mass before and after 6 months of dapagliflozin or non-sodium-glu-
cose co-transporter 2 inhibitor (SGLT2i) therapy as measured using a bioelectrical imped-

ance analyzer

Soft lean mass of each patient before and after each therapy presented as a dot plot, with black circles
and bars representing the mean and standard error of the mean, respectively.

and non-SGLT2i-groups (Table 2).

2. Changes in HbAlc, FPG, and Body Weight

All patients in the dapagliflozin group were admin-
istered 5 mg of dapagliflozin per day. In the non-SGLT?2i
group, the dosage of previously prescribed medications
including insulin was increased in 86.4% of patients
(insulin: 7=06; metformin: 7=>5; sulfonylurea: 7=>5;
dipeptidyl peptidase-4 inhibitor: z=1), and new med-
ications were additionally administered to 22.7% of
patients (sulfonylurea: 7=3; alpha-glucosidase inhibi-
tor: n=3; glinide: n=1; dipeptidyl peptidase-4 inhibi-
tor: n=1). All 50 patients presented with significant
improvements in HbAlc (median [interquartile range];
pre-treatment 7.7% [7.3-8.2] vs. post-treatment 6.9%
[6.5-7.5], p<0.01), FPG (mean=*SD; pre-treatment
138 %37 vs. post-treatment 121 =26 mg/dL, p<0.01),
and BMI (pre-treatment 27.1+2.9 vs. post-treatment
26.5%2.9 kg/m?, p<0.01). HbAlc, body weight, and
BMI were significantly decreased in both groups and
the decreases in HbAlc and FPG were not signifi-

cantly different between the dapagliflozin and non-
SGLT2i groups (Table 2).

3. Changes in Body Composition (Soft Lean Mass,
Skeletal Muscle Mass, Fat Mass, and SMI)
Dapagliflozin treatment for six months signifi-
cantly decreased body weight, total fat mass, and body
fat percentage. Changes in body fat percentage were
significantly correlated with changes in body weight
(all subjects: »=0.788, p<0.001). Both treatments pro-
duced non-significant modest reductions in soft lean
mass (Fig.1) and skeletal muscle mass (Fig.2) from
baseline to month six (Table 2). The absolute change
in soft lean mass and skeletal muscle mass was not sig-
nificantly different between the two groups. SMI as an
indicator of sarcopenia did not significantly decrease
after treatment with dapagliflozin or non-SGLT?2i ther-
apy (dapagliflozin group: pre-treatment 10.24 +0.92
vs. post-treatment 10.16+1.02 kg/m?, p=0.30; non-
SGLT?2i group: pre-treatment 10.07%1.20 vs. post-
treatment 9.99+1.16 kg/m?, p=0.17), and the abso-
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Fig.2. Dot plot of skeletal muscle mass before and after 6 months of dapagliflozin or non-
sodium-glucose co-transporter 2 inhibitor (SGLT21i) therapy as measured using a bio-

electrical impedance analyzer

Skeletal muscle mass of each patient before and after each therapy presented as a dot plot, with black
circles and bars representing the mean and standard error of the mean, respectively.

lute change in SMI was comparable between the two
groups (dapagliflozin group —0.08+0.41 kg/m* vs.
non-SGLT2i group —0.08+0.27 kg/m?, p=1.00). In
the analysis of covariance model using the baseline
measures as covariates, the dapagliflozin group dem-
onstrated a non-significant change in skeletal muscle
mass compared with the non-SGLT?2i group (p=0.951).
An inter-group comparison of change in skeletal mus-
cle mass demonstrated non-inferiority of dapagliflozin
therapy against non-SGLT2i therapy (group differ-
ence: 0.0 kg, 95% CI: = 0.6 to 0.6 kg).

4. Changes in PMI

Dapagliflozin treatment for six months did not
significantly decrease PMI as assessed by CT imaging
analysis (Table 2, Fig. 3). The absolute change in PMI
was not significantly different between the dapa-
gliflozin and non-SGLT2i groups (Table 2). PMI was
significantly correlated with SMI in the present study
population (»=0.61, p<0.001).
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5. Changes in Radiation Attenuation of the Third
Lumbar Paraspinal Muscles

Dapagliflozin therapy produced a significant incr-
ease in CT radiation attenuation in the third lumbar
paraspinal muscles while non-SGLT?2i therapy did not
(Table 2). The absolute change in CT radiation atten-
uation in the lumbar paraspinal muscles was signifi-
cantly greater in the dapagliflozin group than in the
non-SGLT2i group (Table 2, p=0.03).

6. Sub-Group Analysis in Non-Obese Patients

We performed sub-group analysis for the 44 non-
obese (BMI <30 kg/m?) patients (BMI 26.3 2.5 kg/
m?; dapagliflozin group, 7=24; non-SGLT2i group,
n=20). This sub-group analysis showed that dapa-
gliflozin therapy did not significantly decrease soft lean
mass, skeletal muscle mass, or PMI (soft lean mass:
pre-treatment 49.4+ 6.4 vs. post-treatment 49.0+7.0
kg, p=0.41; skeletal muscle mass: pre-treatment 28.9 +
4.1 vs. post-treatment 28.8 +4.5 kg, p=0.67; PMI: pre-
treatment 6.87 +2.17 vs. post-treatment 6.80 2.2 cm?/



Dapagliflozin does not Reduce Muscle Mass

10.0 { —~——
_ E
3 b—‘__-*
<
L |
2 60 E = E E E
3
E bt | — p—
© e —
?
£ e
2.0 - | | l |
p=0.13 p=0.10
0
| Baseline | Post 6M ‘ Baseline ‘ Post 6M
Dapagliflozin Non-SGLT2i

Fig.3. Dot plot of the psoas muscle index before and after 6 months of dapagliflozin or non-
sodium-glucose co-transporter 2 inhibitor (SGLT2i) therapy as assessed by abdominal

computed tomography

Psoas muscle index of each patient before and after each therapy presented as a dot plot, with black cir-
cles and bars representing the mean and standard error of the mean, respectively.

m’, p=0.21). There were also no significant differences
in change in soft lean mass, skeletal muscle mass, SMI,

or PMI between the dapagliflozin and non-SGLT2i

groups (data not shown).

Discussion

The present study demonstrated that treatment
with dapagliflozin for six months significantly improved
glycemic control and reduced body weight and total
fat mass without affecting muscle mass in Japanese
T2DM patients. Interestingly, dapagliflozin therapy also
produced a significant increase in CT-attenuation in
the third lumbar paraspinal muscles, indicative of a
reduction in ectopic fat in skeletal muscle. These results
will help to provide the practical usefulness of dapa-
gliflozin for T2DM patients.

T2DM patients frequently exhibit increased ecto-
pic fat accumulation? and a progressive decline in mus-
cle mass and quality (so-called fatty and deteriorated
muscles)?, which might play an important role in the

pathogenesis of impaired glucose metabolism?®". Thus,
a bidirectional therapeutic approach to reduce body
weight by decreasing fat mass and preserving or incr-
easing muscle mass is desired”. Body weight reduction
by SGLT2i treatment is reported to be mainly the
result of fat mass reduction”. In a 102-week clinical
trial, the dapagliflozin-induced reduction in fat mass
was significantly greater than that of the placebo, while
the decrease in lean mass was comparable between
groups”. An important finding of the present study is
the confirmation that the weight loss by dapagliflozin
in T2DM patients is primarily the result of a reduc-
tion in fat mass rather than in soft lean mass. We found
that total fat mass was significantly decreased follow-
ing dapagliflozin treatment, but soft lean mass, skele-
tal muscle mass, SMI and PMI were not significantly
reduced. Conversely, Bouchi ez 4l. recently demonstrated
that luseogliflozin treatment significantly decreased SMI
in patients with T2DM'9. In the present study, pati-
ents in the non-SGLT?2i therapy group did not incr-
ease body weight, even though insulin was frequently
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increased or added to their ongoing anti-diabetic med-
ications. Explaining the results obtained using the pre-
sent study protocol might enhance patients’ treatment
motivation leading to reductions in body weight simi-
lar to those of the previous studies® ?. Body weight
reduction with loss of fat mass from taking anti-dia-
betic medications might positively affect patients” qual-
ity of life, treatment satisfaction, and motivation for
the continuation of anti-diabetic therapy??; thus dapa-
gliflozin may be a clinically useful therapeutic strategy
for overweight and obese T2DM patients.

Loss of body muscle mass is an important com-
ponent of sarcopenia, leading to frailty and mortal-
ity?. Regarding SGLT2i-induced weight reduction, sar-
copenia has been raised as a clinical concern for ani-
mal models* and clinical situations'> . Here we dem-
onstrate that in the dapagliflozin group, total muscle
mass and skeletal muscle were not significantly decre-
ased and body percentage of skeletal muscle (skeletal
muscle mass % 100/total body weight) significantly incr-
eased. These results contrast with our primary concern
of the sarcopenic side effects from SGLT2i treatment.
It is generally accepted that SGLT2i-induced osmotic
diuresis is responsible for the initial phase (within
three months) body weight decline*”, while the long-
term reduction in body weight is due to loss of fat
mass®”. Hirose et al. reported that eight weeks of tofo-
gliflozin administration reduced the body weight and
fat-free mass without affecting the total fat mass in
Japanese patients with T2DM*, indicating that body
water loss might be the main factor responsible for
weight loss in the early phase of SGLT2i-therapy. A
previous clinical investigation showed that subjects com-
pensated for SGLT2i-induced negative energy balance
by increasing their calorie intake, leading to limited
catabolism?”. This instinctive eating response against
SGLT2i-induced continuous caloric loss could prevent
a decrease in muscle mass. However, SGLT2i-induced
stimulation of energy intake and excessive appetite could
also offset the beneficial effects of SGLT2i on weight
reduction and fat loss?”; thus, adequate dietetic ther-
apy is clinically important to gain the full benefits of
SGLT2i treatment.

SGLT2is induce gluconeogenesis, lipolysis, and
increase glucagon levels? ?®, which may also contrib-
ute to reduction of body fat mass. Interestingly, regard-
ing skeletal muscle quality, we found that six months
of dapagliflozin treatment decreased the accumulated
ectopic fat content in paraspinal muscles, as assessed
by CT radiation attenuation. Previously, Komiya ez al.
indicated that lower CT radiation attenuation in the
paraspinal muscles was significantly related to a poor
insulin secretion response and worsened glycemic con-
trol in patients with overweight and obesity®”. It has
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been demonstrated that short-term dapagliflozin treat-
ment effectively improves muscle insulin sensitivity in
T2DM patients, indicative of beneficial effects of
SGLT2i on skeletal muscle function and quality®®.
Recently, Sano ez al. reported that SGLT2i treatment
significantly increased hand-grip strength®”. Taken
together, these results suggest that SGLT2i therapy has
the potential to improve muscle quality and function
while preserving muscle mass.

In contrast with previous clinical studies on Cau-
casian T2DM patients” ?V, the Japanese T2DM pati-
ents from the present study typically had a BMI of less
than 30 kg/m* (overweight but not obese). In our sub-
group analysis of non-obese subjects (BMI <30 kg/
m?), dapagliflozin did not significantly reduce muscle
mass during the clinical course of SGLT2i-induced
weight loss. However, we only included a few patients
with normal body weight (BMI <25 kg/m* or BMI
<23 kg/m? for Japanese as risk of diabetes®”) in the
present study, thus we cannot confirm the sarcopenic
safety of dapagliflozin in patients with adequate or
lower body weight.

Our study had several limitations, including the
small number of subjects involved, the non-random
allocation, open-label design, and relatively short study
period. The BMI and frequency of thiazolidinedione
prescriptions in the dapagliflozin group were higher
than those in the non-SGLT2i group, suggestive of
patient selection bias. More detailed and longer stud-
ies are needed to validate the effects of SGLT?2i treat-
ment on muscle mass and muscle fat content dem-
onstrated in the present study. This study included
uncontrolled T2DM patients (HbAlc >7.0%) only,
and included few older patients and normal weight
patients. Further studies evaluating the effects of dapa-
gliflozin on muscle mass and quality should be consid-
ered in T2DM patients of older age, normal weight,
and with well-controlled diabetes. The mechanisms of
dapagliflozin-induced weight and fat loss and muscle
mass preservation could not be determined in the
present study. We did not collect objective or quanti-
tative data on daily diet or exercise therapy (aerobic
and resistance training) in the patients” treatment logs.
Control of food, protein, amino acid, fluid intake, daily
measurement of exercise intensity, and 24-h quantifi-
cation of urinary glucose excretion could help to elu-
cidate the underlying mechanisms.

Conclusion

Treatment with dapagliflozin for six months sig-
nificantly improved glycemic control and reduced body
weight without reducing total or skeletal muscle mass
in T2DM patients. Regarding the balance between fat
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and muscle mass, dapagliflozin is promising as a new
agent for the treatment of T2DM.

Acknowledgments
The authors thank Noriko Matsuda, Mayumi

Shimizu, and Kazue Furuta for their skillful technical
assistance. The authors also thank Satista Co. Ltd. for
supporting medical statistics, and Alice Tait, PhD, from
Edanz Group (www.edanzediting.com/ac) for editing
a draft of this manuscript.

Declaration of Conflict of Interest

Dr. Seigo Sugiyama has received Speaker’s Bureau
from MSD, Inc., AstraZeneca Pharmaceuticals LB
Ono Pharmaceutical Co., Ltd., Eli Lilly Japan K.K.,
Novo Nordisk Inc., Daiichi-Sankyo Co., Ltd., and
Boehringer Ingelheim Pharmaceuticals, Inc.

Dr. Hideaki Jinnouchi has received Consultant
from Sanofi U.S., and Novo Nordisk Inc.; Research
support from Eli Lilly Japan K.K., Novo Nordisk Inc.,
Boehringer Ingelheim Pharmaceuticals, Inc., Sumi-
tomo Dainippon Pharma Co., Ltd., GlaxoSmithKline,
Takeda Pharmaceutical Company Limited, Daiichi-
Sankyo Co., Ltd., Taisho Pharmaceutical Co., Ltd.,
Astellas Pharma US, Inc., and AstraZeneca Pharma-
ceuticals LP; Speaker’s Bureau from Sanofi U.S., Eli
Lilly Japan K.K., Takeda Pharmaceutical Company
Limited, Astellas Pharma US, Inc., Mitsubishi Tanabe
Pharma Corporation, Daiichi-Sankyo Co., Ltd.,
Bochringer Ingelheim Pharmaceuticals, Inc., Kissei
Pharmaceutical Co., Ltd., Kowa Pharmaceuticals,
Novartis Pharmaceuticals Corporation, AstraZeneca
Pharmaceuticals LP, MSD, Inc., and Mochida Phar-
maceutical Co., Ltd.

All other authors declare that they have no con-
flict of interest.

References

1) Scheen AJ and Van Gaal LF: Combating the dual burden:
therapeutic targeting of common pathways in obesity and
type 2 diabetes. Lancet Diabetes Endocrinol, 2014; 2:
911-922

2) Shulman GI: Ectopic fat in insulin resistance, dyslipid-
emia, and cardiometabolic disease. N Engl ] Med, 2014;
371: 1131-1141

3) Bianchi L and Volpato S: Muscle dysfunction in type 2
diabetes: a major threat to patient’s mobility and indepen-
dence. Acta Diabetol, 2016; 53: 879-889

4) Bolinder J, Ljunggren O, Kullberg ], Johansson L, Wild-
ing J, Langkilde AM, Sugg ] and Parikh S: Effects of
dapagliflozin on body weight, total fat mass, and regional
adipose tissue distribution in patients with type 2 diabetes

mellitus with inadequate glycemic control on metformin.
J Clin Endocrinol Metab, 2012; 97: 1020-1031
5) Tanizawa Y, Kaku K, Araki E, Tobe K, Terauchi Y, Utsu-
nomiya K, Iwamoto Y, Watada H, Ohtsuka W, Watanabe
D, Suganami H, Tofogliflozin and Study g: Long-term
safety and efficacy of tofogliflozin, a selective inhibitor of
sodium-glucose cotransporter 2, as monotherapy or in
combination with other oral antidiabetic agents in Japa-
nese patients with type 2 diabetes mellitus: multicenter,
open-label, randomized controlled trials. Expert Opin Phar-
macother, 2014; 15: 749-766
6) Blonde L, Stenlof K, Fung A, Xie ], Canovatchel W and
Meininger G: Effects of canagliflozin on body weight and
body composition in patients with type 2 diabetes over
104 weeks. Postgrad Med, 2016; 128: 371-380
7) Goring S, Hawkins N, Wygant G, Roudaut M, Townsend
R, Wood I and Barnett AH: Dapagliflozin compared with
other oral anti-diabetes treatments when added to metfor-
min monotherapy: a systematic review and network meta-
analysis. Diabetes Obes Metab, 2014; 16: 433-442
8) Vivian EM: Dapagliflozin: a new sodium-glucose cotrans-
porter 2 inhibitor for treatment of type 2 diabetes. Am ]
Health Syst Pharm, 2015; 72: 361-372
9) Bolinder ], Ljunggren O, Johansson L, Wilding J, Lang-
kilde AM, Sjostrom CD, Sugg ] and Parikh S: Dapa-
gliflozin maintains glycaemic control while reducing
weight and body fat mass over 2 years in patients with
type 2 diabetes mellitus inadequately controlled on met-
formin. Diabetes Obes Metab, 2014; 16: 159-169
10) Kostev K, Pscherer S, Rist R, Busch S and Scheerer MF:
Changes in Glycemic Control and Body Weight After Ini-
tiation of Dapagliflozin or Basal Insulin Supported Oral
Therapy in Type 2 Diabetes. ] Diabetes Sci Technol,
20165 1932296816688011
11) Scheerer ME Rist R, Proske O, Meng A and Kostev K:
Changes in HbAlc, body weight, and systolic blood pres-
sure in type 2 diabetes patients initiating dapagliflozin
therapy: a primary care database study. Diabetes Metab
Syndr Obes, 2016; 9: 337-345
12) Hesselink MK, Schrauwen-Hinderling V and Schrauwen
P: Skeletal muscle mitochondria as a target to prevent or
treat type 2 diabetes mellitus. Nat Rev Endocrinol, 2016;
12: 633-645
13) Fujita Y and Inagaki N: Renal sodium glucose cotrans-
porter 2 inhibitors as a novel therapeutic approach to
treatment of type 2 diabetes: Clinical data and mecha-
nism of action. ] Diabetes Investig, 2014; 5: 265-275
14) Bouchi R, Terashima M, Sasahara Y, Asakawa M, Fukuda
T, Takeuchi T, Nakano Y, Murakami M, Minami I, Izu-
miyama H, Hashimoto K, Yoshimoto T and Ogawa Y:
Luseogliflozin reduces epicardial fat accumulation in pati-
ents with type 2 diabetes: a pilot study. Cardiovasc Diabe-
tol, 2017; 16: 32
15) Cetrone M, Mele A and Tricarico D: Effects of the antidi-
abetic drugs on the age-related atrophy and sarcopenia
associated with diabetes type II. Curr Diabetes Rev, 2014;
10: 231-237
16) Malavolti M, Mussi C, Poli M, Fantuzzi AL, Salvioli G,
Battistini N and Bedogni G: Cross-calibration of eight-
polar bioeclectrical impedance analysis versus dual-energy
X-ray absorptiometry for the assessment of total and appen-

475



Sugiyama et al.

dicular body composition in healthy subjects aged 21-82
years. Ann Hum Biol, 2003; 30: 380-391

17) Kurinami N, Sugiyama S, Yoshida A, Hieshima K, Miya-
moto E Kajiwara K, Jinnouchi T and Jinnouchi H: Cor-
relation of body muscle/fat ratio with insulin sensitivity
using hyperinsulinemic-euglycemic clamp in treatment-
naive type 2 diabetes mellitus. Diabetes Res Clin Pract,
2016; 120: 65-72

18) Wannamethee SG and Atkins JL: Muscle loss and obesity:
the health implications of sarcopenia and sarcopenic obe-
sity. Proc Nutr Soc, 2015; 74: 405-412

19) Hamaguchi Y, Kaido T, Okumura S, Kobayashi A, Ham-
mad A, Tamai Y, Inagaki N and Uemoto S: Proposal for
new diagnostic criteria for low skeletal muscle mass based
on computed tomography imaging in Asian adults. Nutri-
tion, 2016; 32: 1200-1205

20) Aubrey ], Esfandiari N, Baracos VE, Buteau FA, Frenette
J, Putman CT and Mazurak VC: Measurement of skeletal
muscle radiation attenuation and basis of its biological
variation. Acta Physiol (Oxf), 2014; 210: 489-497

21) Brons C and Grunnet LG: MECHANISMS IN ENDO-
CRINOLOGY: Skeletal muscle lipotoxicity in insulin resis-
tance and type 2 diabetes: a causal mechanism or an inno-
cent bystander? Eur ] Endocrinol, 2017; 176: R67-R78

22) Traina SB, Slee A, Woo S and Canovatchel W: The Impor-
tance of Weight Change Experiences for Performance of
Diabetes Self-Care: A Patient-Centered Approach to Eval-
uating Clinical Outcomes in Type 2 Diabetes. Diabetes
Ther, 2015; 6: 611-625

23) Obata A, Kubota N, Kubota T, Iwamoto M, Sato H, Sak-
urai Y, Takamoto I, Katsuyama H, Suzuki Y, Fukazawa M,
Ikeda S, Iwayama K, Tokuyama K, Ueki K and Kadowaki
T: Tofogliflozin Improves Insulin Resistance in Skeletal
Muscle and Accelerates Lipolysis in Adipose Tissue in
Male Mice. Endocrinology, 2016; 157: 1029-1042

24) Sha S, Polidori D, Heise T, Natarajan J, Farrell K, Wang

476

SS, Sica D, Rothenberg P and Plum-Morschel L: Effect of
the sodium glucose co-transporter 2 inhibitor canagliflozin
on plasma volume in patients with type 2 diabetes melli-
tus. Diabetes Obes Metab, 2014; 16: 1087-1095

25) Solini A: Role of SGLT?2 inhibitors in the treatment of
type 2 diabetes mellitus. Acta Diabetol, 2016; 53: 863-870

26) Hirose S, Nakajima S, Iwahashi Y, Seo A, Takahashi T
and Tamori Y: Impact of the 8-week Administration of
Tofogliflozin for Glycemic Control and Body Composi-
tion in Japanese Patients with Type 2 Diabetes Mellitus.
Intern Med, 2016; 55: 3239-3245

27) Ferrannini G, Hach T, Crowe S, Sanghvi A, Hall KD and
Ferrannini E: Energy Balance After Sodium-Glucose Cotr-
ansporter 2 Inhibition. Diabetes Care, 2015; 38: 1730-
1735

28) Merovci A, Solis-Herrera C, Daniele G, Eldor R, Fioren-
tino TV, Tripathy D, Xiong J, Perez Z, Norton L, Abdul-
Ghani MA and DeFronzo RA: Dapagliflozin improves
muscle insulin sensitivity but enhances endogenous glu-
cose production. ] Clin Invest, 2014; 124: 509-514

29) Komiya H, Mori Y, Yokose T, Kurokawa N, Horie N and
Tajima N: Effect of intramuscular fat difference on glu-
cose and insulin reaction in oral glucose tolerance test. J
Atheroscler Thromb, 2006; 13: 136-142

30) Sano M, Meguro S, Kawai T and Suzuki Y: Increased grip
strength with sodium-glucose cotransporter 2. J Diabetes,
2016; 8: 736-737

31) Ribola FA, Cancado FB, Schoueri JH, De Toni VE
Medeiros VH and Feder D: Effects of SGLT?2 inhibitors
on weight loss in patients with type 2 diabetes mellitus.
Eur Rev Med Pharmacol Sci, 2017; 21: 199-211

32) Hsu WC, Araneta MR, Kanaya AM, Chiang JL and Fuji-
moto W: BMI cut points to identify at-risk Asian Ameri-
cans for type 2 diabetes screening. Diabetes Care, 2015;
38: 150-158




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


