Diabetol Int (2017) 8:205-211
DOI 10.1007/s13340-016-0295-6

CrossMark

@

ORIGINAL ARTICLE

Evaluation of metabolic parameters and body composition
in Japanese patients with type 2 diabetes mellitus who were
administered tofogliflozin for 48 weeks

Yasuyuki Iwahashi' - Sachie Hirose'” - Shinsuke Nakajima” - Akane Seo' -

Tetsuya Takahashi' - Yoshikazu Tamori'>

Received: 2 September 2016/ Accepted: 26 October 2016/ Published online: 11 November 2016

© The Japan Diabetes Society 2016

Abstract Sodium glucose cotransporter 2 inhibitors are
unique antihyperglycemic agents that cause osmotic
diuresis and calorie loss to urine. We previously reported
that administration of tofogliflozin, a sodium glucose
cotransporter 2 inhibitor, for 8 weeks decreased fat-free
mass without affecting fat mass. We thus investigated the
impact of tofogliflozin on metabolic parameters and body
composition for 48 weeks in Japanese patients with type 2
diabetes mellitus. This single-arm open-label study enrol-
led 20 patients. Patients received tofogliflozin 20 mg once
daily for 48 weeks. At week 48, changes in metabolic
parameters and body composition from baseline were
evaluated. Two patients discontinued administration due to
adverse events during the first 8 weeks; however, no other
adverse events occurred after that period. Seventeen
patients completed the 48 weeks of administration of
tofogliflodin. Body weight and body mass index decreased
during the treatment period. Hemoglobin Alc decreased
from 7.8% to 7.1%. The degree of improvement in
hemoglobin Alc was correlated with body mass index, fat
mass, and plasma glucose level at baseline. As for body
composition, fat mass decreased without any change in fat-
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free mass (including total body water, extracellular water,
and intracellular water). Red blood cell count and hemat-
ocrit increased, while the estimated glomerular filtration
rate decreased. ALT and y-GTP decreased and the decrease
in y-GTP was correlated with the loss of fat mass. In
conclusion, our study clearly suggests that the body weight
reduction caused by tofogliflozin administration for
48 weeks was almost entirely due to fat mass dissipation.

Keywords Tofogliflozin - Body weight - Body
composition - Body water - Fat mass

Introduction

Type 2 diabetes mellitus is mainly characterized by chronic
hyperglycemia caused by increased insulin resistance and
decreased insulin secretion. This metabolic disease is clo-
sely associated with obesity and its incidence is increasing
all around the world [1]. In response to this recent increase
in type 2 diabetes, new types of antihyperglycemic agents
such as dipeptidyl peptidase-4 (DPP-4) inhibitors, gluca-
gon-like peptide-1 (GLP-1) receptor agonists, and sodium
glucose cotransporter 2 (SGLT2) inhibitors have been
developed and placed on the market. SGLT?2 is distributed
at proximal tubules and reabsorbs about 90% of the glucose
filtered by the glomerulus [2]. SGLT2 inhibitors improve
hyperglycemia by suppressing the reabsorption of glucose
at proximal tubules. Enhanced expression of SGLT?2 at the
proximal tubules and a resulting increase in the reabsorp-
tion of glucose are observed in patients wih type 2 diabetes
[3]. Therefore, inhibiting SGLT2 is considered to be an
efficient way of lowering the plasma glucose level in dia-
betic patients. Thus, SGLT2 inhibitors are a new class of
drugs that improve glycemic control independent of the
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action and secretion of insulin, and consequently decrease
glucose toxicity and insulin resistance [4]. In addition to
their glucose-lowering effects, SGLT2 inhibitors reduce
body weight, visceral fat mass, and blood pressure [5]. In
fact, one such SGLT?2 inhibitor, empagliflozin, was repor-
ted to lower the rate of mortality from cardiovascular
causes by 38% and the any-cause mortality rate by 32% in
patients with type 2 diabetes at high cardiovascular risk [6].
Furthermore, this drug also slowed the progression of
kidney disease and lowered rates of clinically relevant
renal events in type 2 diabetes patients [7]. However, along
with these desirable effects that preexisting drugs do not
exert, adverse events such as dehydration, eruption, or
urinary tract infections have also been reported for SGLT2
inhibitors [8, 9].

Despite these known actions of SGLT2 inhibitors,
studies in which glucose metabolism and body composition
were investigated in depth sequentially during the first year
of administration are rare. We recently showed that the
administration of tofogliflozin for 8 weeks improves gly-
cemic control and reduces body weight in type 2 diabetic
patients by decreasing fat-free mass without affecting the
fat mass [10]. Thus, in the present study, we examined the
effects of tofogliflozin administration for 48 weeks on
glucose metabolism and body composition and clarified the
alterations caused by the long-term administration of this
drug.

Materials and methods
Patients and study design

Japanese patients with type 2 diabetes mellitus were
enrolled in this study at Chibune General Hospital. The
inclusion criteria for this study were as follows: age >20
years old, body mass index (BMI) >18.5, hemoglobin Alc
(HbAlc) level >6.2%, estimated glomerular filtration rate
(eGFR) >45 ml/min. A C-peptide immunoreactivity (CPR)
index (a predictive marker of residual B-cell function [11])
value of >1.5 was also added to the inclusion criteria when
the duration of diabetes was >10 years. The exclusion
criteria were as follows: patients using insulin, patients
with severe hepatic, renal, and cardiac diseases, patients
with severe infection, patients with severe trauma, patients
with cancer, and pregnant or breastfeeding females. Eligi-
ble participants were enrolled in the study from August to
October in 2014 and received a single daily dose of 20 mg
tofogliflozin for 48 weeks. They continued their pre-study
treatment without any change at the beginning of the study.
For this period, they also received standard care, including
general diet and exercise advice. The treatment was not
changed until 8 weeks from the start of administration.
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Thereafter, antihyperglycemic agents except for tofogli-
flozin were adjusted according to the glycemic control of
each patient, aiming at HbAlc <7.0%.

Measurements

Venous blood was drawn from all participants every
4 weeks, and serum biochemical and metabolic markers
were examined. CPR index was determined by calculating
the ratio of the serum CPR level (ng/mL) to the plasma
glucose concentration (mg/dL) multiplied by 100. Height
and body weight were determined in order to calculate
body mass index (BMI). Body composition was evaluated
by bioelectrical impedance analysis (BIA) using a body
composition analyzer (In-Body S20, Biospace Co., Seoul,
Korea), as described previously [10]. Briefly, body weight,
total body water, and extracellular body water were mea-
sured by segmental bioelectric impedance using eight
tactile electrodes [12-15]. Fat-free mass (i.e., total body
water, protein, and minerals) and fat mass (i.e., fat-free
mass subtracted from body weight) were calculated from
total body water. Adverse effects were checked for at visits
that occurred every 2 weeks between 0 and 8 weeks from
the start, and every 4 weeks after that. This study was
approved by the Institutional Review Board of Chibune
General Hospital and was performed in accordance with
the Declaration of Helsinki.

Table 1 Characteristics of the study participants

Number of patients 20
Sex [n (%)]

Men 9 (45.0)
Women 11 (55.0)
Age (years) 52.1 £ 9.8
Height (cm) 161.6 £ 9.4
Body weight (kg) 76.6 £ 15.8
BMI (kg/m?) 28.9 + 4.6
Duration of type 2 diabetes mellitus (years) 64 +58
Casual plasma glucose (mg/dL) 166 £+ 60
HbAlc (%) 7.8 £ 1.5

eGFR (mL/min/1.73 m?) 80.7 + 21.5
Antidiabetic treatment
Sulfonylurea (%) 25
Glinide (%) 0
DPP-4 inhibitor (%) 65
GLP-1 receptor agonist (%) 10
a-Glucosidase inhibitor (%) 15
Biguanide (%) 75
Thiazolidine (%) 20
Insulin (%) 0

Values are the mean = SD
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Table 2 Laboratory findings

before and after administration n=1 Week 0 Week 48 p value

of tofogliflozin for 48 weeks Blood cell counts
WBC (x10%/uL) 0.68 + 0.18 0.64 + 0.18 0.20
RBC (x10*uL) 458 + 37 488 + 45 0.006
Hct (%) 40.3 £ 34 432 £ 35 0.002
Plt (x10%uL) 254463 245458 0.26

Biochemistry
Total protein (g/dL) 7.0+ 04 7.1 £0.5 0.38
Albumin (mg/dL) 42+ 04 43+ 04 0.52
Triglyceride (mg/dL) 190 £ 101 184 + 152 0.85
HDL cholesterol (mg/dL) 52.7 £ 12.3 56.8 + 14.3 0.22
LDL cholesterol (mg/dL) 111 £ 18 114 £ 21 0.45
AST (IU/L) 227+ 6.7 21.1 £ 8.8 0.31
ALT (IU/L) 32,5+ 19.0 259 + 18.5 0.007
LDH (IU/L) 175 £ 25 173 £ 36 0.80
ALP (IU/L) 226 £+ 83 235 + 84 0.42
v-GTP (IU/L) 33.8 £ 153 25.6 + 10.8 0.004
BUN (mg/dL) 122 + 3.5 15.0 = 4.2 <0.001
Creatinine (mg/dL) 0.75 £ 0.25 0.80 &+ 0.28 0.01
eGFR (ml/min/1.73 m?) 78.9 £ 20.0 723 £ 175 0.01
Uric acid (mg/dL) 55+ 1.7 6.4 +54 0.48
Plasma osmolality (mOsm) 283.5 + 4.26 287.1 + 23.7 0.56
Glucose metabolism

HbAlc (%) 7.8 £ 1.6 7.1+ 1.2 0.005
GA (%) 17.2 £ 3.5 154 + 2.7 0.02
Casual plasma glucose (mg/dL) 161 £+ 60 124 £+ 33 0.009
CPR index 2.05+ 09 2.42 + 1.40 0.10
Glucagon (pg/mL) 195 £ 41 188 + 49 0.49
Total ketone bodies (pmol/L) 91.3 + 56.7 136.4 £ 157.1 0.14

Values are the mean + SD

WBC white blood cells, RBC red blood cells, Hct hematocrit, Plt platelets, HDL high-density lipoprotein,
LDL low-density lipoprotein, AST aspartate aminotransferase, ALT alanine aminotransferase, LDH lactate
dehydrogenase, ALP alkaline phosphatase, y-GTP y-glutamyl transpeptidase, BUN blood urea nitrogen,
eGFR estimated glomerular filtration rate, HbAIc hemoglobin Alc, GA glycoalbumin, CPR index

C-peptide immunoreactivity index

Statistical analysis

Values are shown as the mean £ SD. Student’s ¢ test and
Wilcoxon’s signed-rank test were used to evaluate the
significance of differences in the presence and absence of
normal distributions of variables, respectively. A p value of
<0.05 was taken to indicate a significant difference. Cor-
relations among variables were tested using Pearson’s
correlation coefficient. All calculations were performed
using the software package JMP version 8 (SAS Institute
Inc., Cary, NC, USA).

Results

The baseline characteristics of the participants are shown in
Table 1. The mean age and duration of diabetes were
52.1 years old and 6.4 years, respectively. The mean body
weight, BMI, HbAlc, and casual plasma glucose levels at
baseline were 76.6 kg, 28.9 kg/mz, 7.8%, and 166 mg/dL,
respectively. Seventeen of the 20 patients completed this
study; the other 3 patients dropped out in the first 8 weeks
[10]. One patient discontinued administration due to the
use of stagger, decreased blood pressure, and dehydration.
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Table 3 Physical findings and
body composition before and

after treatment with
tofogliflozin

n=17 Week 0 Week 48 p value

Physical findings
Body weight (kg) 75.5 £ 13.8 732 £ 154 <0.001
Body mass index (kg/m?) 28.8 £4.0 27.7 £ 4.8 0.002
Waist circumference (cm) 97.2 £ 9.9 96.5 £ 13.7 0.44
Systolic blood pressure (mmHg) 130 £ 18.7 123.4 £ 15.0 0.31
Diastolic blood pressure (mmHg) 89.6 + 14.7 74.5 + 8.2 0.41

Body composition
Waist to hip ratio 0.96 £ 0.04 0.94 £+ 0.04 0.06
Body fat percentage (%) 375 £ 6.1 345+ 85 0.03
Fat mass (kg) 283 + 6.7 257 £ 9.1 0.02
Fat-free mass (kg) 47.3 +10.3 47.5 + 10.3 0.82
Total body water (kg) 349 £ 7.6 346+ 73 0.66
Extracellular water (kg) 13.6 & 2.8 13.0 £ 3.0 0.24
Intracellular water (kg) 21.3 £ 4.8 215+ 49 0.54

Values are the mean + SD

Another patient discontinued it due to eruptions and itching
of the abdomen. Their symptoms improved after drug
discontinuation. The third patient stopped visiting the
hospital. The other 17 patients (male/female = 7/10)
completed the 48-week period of tofogliflozin administra-
tion. No episodes of severe hypoglycemia occurred in this
study; indeed, no other severe adverse events were
observed during the entire administration period.

After 48 weeks of administration of tofogliflozin,
HbAIc and glycoalbumin (GA) had decreased significantly
from 7.8% to 7.1% and from 17.2% to 15.4%, respectively
(Table 2). There was no significant difference in CPR
index or in the concentrations of glucagon and total ketone
bodies. Since casual blood collection was carried out in this
study, we also analyzed twelve patients for whom blood
sampling was performed in the fasting state in weeks 0 and
48. We confirmed that there were no significant differences
in these parameters (CPR index, glucagon, and total ketone
bodies), even in the fasting state (data not shown). Blood
urea nitrogen (BUN), creatinine (Cr), red blood cells
(RBC), and hematocrit were all increased. Estimated
glomerular filtration rate (¢GFR) was decreased. In addi-
tion, both ALT and y-GTP were lower (Table 2), although
they had not changed significantly at 8 weeks of adminis-
tration [10].

In terms of body composition, tofogliflozin significantly
reduced body weight by 2.3 kg and fat mass by 2.6 kg after
treatment for 48 weeks (Table 3), although the fat-free
mass did not change. Neither total body water, extracellular
water, nor intracellular water changed significantly. These
results suggest that the body weight reduction induced by
48 weeks of tofogliflozin treatment was almost entirely
caused by a decrease in fat.
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Correlation analysis revealed that the variations in
HbAlc from baseline to 48 weeks (AHbAlc) were corre-
lated with both BMI and fat mass at baseline (Fig. 1a, b).
AHbA 1c was also correlated with the plasma glucose level
at baseline (r = —0.66, p = 0.015). However, AHbAlc
was not correlated with the changes in body weight or fat
mass from baseline to 48 weeks (r = —0.48, p = 0.051
and r = —0.20, p = 0.44, respectively). In addition, vari-
ations in y-GTP (Ay-GTP) but not of ALT from baseline to
48 weeks were correlated with those in the fat mass (AFat
mass) (Fig. 1c).

Discussion

Daily administration of 20 mg tofogliflozin for 48 weeks
reduced body weight by 2.3 kg as well as fat mass by
2.6 kg and ameliorated glycemic control in type 2 diabetes
patients. This implies that the body weight loss induced by
tofogliflozin was almost entirely attributable to fat mass
loss. Indeed, tofogliflozin administration did not affect the
fat-free mass, total body water, extracellular water, or
intracellular water at all. The decrease in HbAlc was sig-
nificantly correlated with BMI, fat mass, and plasma glu-
cose level at baseline. Furthermore, tofogliflozin decreased
ALT and y-GTP, and the decrease in y-GTP was correlated
with the decrease in fat mass.

Interestingly, our previous work showed that 8 weeks of
administration of 20 mg tofogliflozin led to a decrease in
total body water of about 1 kg without affecting fat mass
[10]. In contrast, the present study clarified that the body
weight reduction after 48 weeks of administration was
entirely attributable to a loss of fat mass. This means that
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Fig. 1a—c Scatter plots of correlation analyses. a Correlation
between AHbAlc and baseline (0 W) BMI (r= -0.77,
P = 0.0003). b Correlation between AHbAlc and 0 W fat mass
(r = —0.72, P = 0.001). ¢ Correlation between Ay-GTP and AFat
mass (r = 0.60, P = 0.01). AHbAlc, Ay-GTP, and AFat mass refer
to the differences in HbAlc, y-GTP, and fat mass obtained by
subtracting the relevant values at week 48 from those at baseline,
respectively

the body weight loss during the initial period of tofogli-
flozin administration is caused by body water depletion,
whereas the body weight loss resulting from a prolonged
period of administration is due to fat mass dissipation. It
was previously reported that administration of 100 mg and
300 mg canagliflozin for 52 weeks decreased the body
weight by 3.3 kg and 3.7 kg, respectively [16]. In that
study, the body weight loss was rapid until 6 weeks after
the start of administration, but was rather more gradual
after that until 52 weeks of administration [16]. Consid-
ering our results, the rapid body weight loss until 6 weeks
may correspond to a decrease in body water and the sub-
sequent gradual body weight loss may correspond to a
decrease in fat. In addition, dapaglifiozin took 24 weeks to

decrease the visceral and subcutaneous fat mass by
258.4 cm® and 184.9 cm?, respectively [17]. These results
are compatible with our data, which indicate that the
SGLT?2 inhibitor-mediated loss of fat mass occurs over a
long period [18]. Therefore, it is important to sustain diet
and exercise therapy even when the body weight decreases
rapidly during the initial stage of SGLT2-inhibitor
administration, as water, not fat, is lost during this period.
In addition, reports suggest that the administration of an
SGLT?2 inhibitor enhances appetite [19, 20].

Our study revealed that the degree of improvement in
HbAlc was closely associated with BMI and fat mass at
baseline. This indicates that tofogliflozin should be more
effective in obese patients. On the other hand, the degree of
improvement in HbAlc was not significantly associated
with the reduction in body weight or fat mass. This may
suggest that the fat mass reduction is not the main reason
for the improvement in glycemic control upon tofogliflozin
administration for at least 48 weeks. In addition, 2 patients
discontinued administration due to adverse events during
the first 8 weeks of our study. However, adverse events
were not observed after that in the study, suggesting that
the development of adverse events is closely associated
with the dehydration that occurs during the early stage of
administration.

In the present study, ALT and y-GTP significantly
decreased during the administration period, and the decrease
in y-GTP was closely correlated with the fat mass loss. Given
that y-GTP is closely correlated with hepatic lipid content in
normal subjects [21], the decrease in y-GTP observed in this
study is thought to reflect the decrease in hepatic lipid con-
tent. In a diabetic obese mouse model, luseogliflozin
administration for 8 weeks did indeed decrease hepatic tri-
acylglycerol, cholesterol, and type 1 collagen, leading to
inhibition of nonalcoholic steatohepatitis [22]. Ipragliflozin
usage for 4 weeks also decreased body weight and ALT, in
addition to improving insulin resistance [23]. Furthermore,
tofogliflozin administration in male mice decreased body
weight, fat mass, and hepatic triacylglycerol content, and
ameliorated glucose intolerance and insulin resistance [24].
These results are also consistent with the present data
showing that tofogliflozin decreases body weight, fat mass,
and markers of hepatic steatosis.

In this study, eGFR decreased as the BUN and Cr levels
increased. Such changes were also observed during
8 weeks of tofogliflozin administration [10]. These results
suggest that the osmotic diuresis-induced reduction in cir-
culating plasma volume can persist even throughout
48 weeks of tofogliflozin administration, even though the
level of extracellular water does not change. A recent study
using empagliflozin also showed that the decreased eGFR
level even persisted to 192 weeks after the initial admin-
istration of the drug [7]. In addition, the RBC count and
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hematocrit also increased over the administration period in
the present study. Given that several studies have also
demonstrated that dapagliflozin and ipragliflozin increase
the hematocrit [25-27], the SGLT?2 inhibitor-induced
hemoconcentration and plasma volume reduction may be
maintained for as long as the SGLT2 inhibitor is
administered.

In summary, tofogliflozin treatment for 48 weeks
reduced fat mass without affecting fat-free mass. Neither
total body water, extracellular water, nor intracellular water
varied during treatment. The improvement in glycemic
control upon tofogliflozin administration was more effi-
cient in obese patients. Limitations of our study are the
small number of patients included and that it was a single-
arm clinical study.
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