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Abstract

Background Sodium-glucose co-transporter 2 inhibitors
have been shown to reduce body weight. However, little is
known about whether a reduction in body weight affects
glycemic and non-glycemic parameters.

Objectives The aim of this study was to investigate the link
between the changes in body weight and those in metabolic
parameters in drug-naive subjects with type 2 diabetes
mellitus (T2DM) receiving ipragliflozin monotherapy.
Methods Subjects received ipragliflozin monotherapy
25-50 mg/day for 3 months (n = 33). They were then
divided into two groups: group L (‘lost’; n = 17) com-
prised patients who lost weight (change [A] in body mass
index [BMI] < —0.75, p < 0.00001), and group N (‘neu-
tral’; n = 16) comprised patients who did not lose weight
(ABMI > —0.75, not significant [NS]).

Results In these two groups, similar reductions were
observed in glycated hemoglobin (HbA,.) levels (group L:
9.76-8.02%, p < 0.00001; group N: 10.07-8.36%,
p < 0.0005). Homeostasis model assessment (HOMA)-B
levels increased in both groups, with inter-group differences
(p < 0.05; +38.91 vs. +96.83% in group L and N, respec-
tively). However, some parameters showed distinct regula-
tory patterns. For instance, in group L, reductions were
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observed in HOMA-R (—20.18%, p < 0.04) and uric acid
(UA; —8.91%, p < 0.02) levels. Correlations were seen
between the change in HOMA-R and those in fasting blood
glucose (FBG) levels (R = 0.557, p < 0.02). Non-signifi-
cant increases in free fatty acid (FFA) levels and decreases in
non-high-density lipoprotein cholesterol (non-HDL-C) or
low-density lipoprotein cholesterol (LDL-C) levels were
also noted. In group N, reductions in FFA levels (—17.07%,
p < 0.05) were observed, and negative correlations were
seen between AHOMA-B and AFBG (R = —0.4781,
p < 0.05) and between A FFA and A HOMA-B levels
(R = —0.4305, p < 0.05). Non-significant increases in non-
HDL-C and LDL-C levels were also noted. Inter-group dif-
ferences existed between group L and group N in the changes
in non-HDL-C and LDL-C levels (both p < 0.05).
Conclusions These results indicate that ipraglifiozin may
possess distinct dual glucose-lowering mechanisms
depending on body weight changes. Degrees of insulin
resistance decrease in subjects who lose weight. Con-
versely, ipragliflozin reduces lipotoxicity (FFA levels),
thereby activating beta-cell function, in subjects who do
not lose weight. Similar glycemic efficacies were observed
in both cases. In patients who lost weight, ipragliflozin was
associated with improvements in the levels of metabolic
parameters related to cardiovascular risk factors, including
UA and atherogenic lipid levels (non-HDL-C and LDL-C)
compared with those who did not lose weight.

Key Points

Distinct glucose-lowering mechanisms and effects on
levels of atherogenic lipids or uric acid are observed
depending on changes in body weight with ipragliflozin.
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1 Introduction

Sodium-glucose co-transporter 2 (SGLT-2) inhibitors are
novel glucose-lowering agents that exert their therapeutic
effects by facilitating glucose excretion through the kid-
neys [1-3]. This pharmacologically induced glycosuria
causes physiological and adaptive responses in glucose
homeostasis and other biomarkers (or metabolic parame-
ters). For example, SGLT-2 inhibitors have also been
shown to possess some non-glycemic benefits such as
weight reduction, blood pressure control, diuretic action,
renal protection, and reductions in levels of triglycerides
(TG) and uric acid (UA) [4, 5]. Ipragliflozin is an SGLT-2
inhibitor that was recently launched in Japan [6, 7]. Similar
glycemic and non-glycemic efficacies were reported with
other SGLT-2 inhibitors [8, 9]. Via the simple mechanism
of discarding glucose into the urine (correcting glucotoxi-
city) [10], ipragliflozin was shown to ameliorate impaired
beta-cell function and insulin resistance [11]. Furthermore,
preliminary reports indicated that ipragliflozin could reg-
ulate free fatty acid (FFA) levels, which might conse-
quently influence lipotoxicity and thereby affect beta-cell
function [12]. However, their mechanisms of action mean
they are associated with higher incidences of certain
adverse events, including genital mitotic infections, urinary
tract infections, osmotic diuretic-related adverse events,
and volume depletion-related adverse events [13]. Further,
recent reports of potential SGLT-2 inhibitor-induced dia-
betic ketoacidosis (DKA) have raised concerns that this
class of drugs might increase the risk of DKA, especially
among patients receiving exogenous insulin [14]. SGLT2
inhibitors are currently used as add-on therapy to met-
formin or other drugs as part of dual or triple therapy.
However, they could also be used as an alternative first-line
option in patients with contraindications to or intolerance
of metformin (see Kutoh et al. [11] and the references
therein).

One of the most favorable non-glycemic efficacies of
SGLT-2 inhibitors, including ipraglifiozin, is their ability
to reduce body weight [4, 11]. However, little is known
about whether a reduction in body weight affects glycemic
and non-glycemic parameters. Preliminary results sug-
gested that reductions in body weight were not associated
with changes in glycemic parameters [11, 15]. This study
was initiated to investigate the link between changes in
body weight and changes in glycemic and non-glycemic
parameters. It makes sense to perform this kind of study
with monotherapy to eliminate the influence of other drugs
as much as possible. As an initial step towards investigat-
ing this issue, we studied drug-naive subjects with type 2
diabetes mellitus (T2DM) receiving ipragliflozin
monotherapy and monitored any subsequent effects on
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glycemic and non-glycemic parameters in relation to
changes in body weight.

2 Subjects and Methods
2.1 Subjects

Participants were newly diagnosed with T2DM (accord-
ing to Japan Diabetes Society criteria [16]) or previously
diagnosed but untreated. All subjects had received no
regularly prescribed drugs for at least 6 months prior to
study initiation. Subjects were excluded if they had clin-
ically significant renal (creatinine >1.5 mg/dl) or liver
(aspartate aminotransferase [AST]/alanine aminotrans-
ferase [ALT] >70/70 IU/1) dysfunction, a history of heart
disorders, severe hypertension (blood pressure >160/
100 mmHg), type 1 diabetes mellitus (T1DM), or were
pregnant. Subjects were outpatients recruited between
July 2014 and January 2016 from the Department of
Internal Medicine of Gyoda General Hospital (Saitama,
Japan) and other hospitals with which the first author
(EK) was associated. Subjects received ipragliflozin
25-50 mg/day monotherapy. A total of 40 subjects were
initially enrolled in this study; seven withdrew after
experiencing adverse events or for other reasons and were
excluded from data analysis. The final analysis included
33 subjects. Subjects were encouraged to follow previ-
ously described exercise and diet regimens [17, 18].
Subjects provided informed consent, and the study pro-
tocol was approved by the Ethical Committee/Institutional
Review Board of Gyoda General Hospital. The study was
conducted in accordance with the principles of good
clinical practice.

2.2 Measurements

The primary endpoint was change in body mass index
(BMI) from baseline to 3 months. The secondary endpoint
included glycated hemoglobin (HbA.), fasting blood glu-
cose (FBG), insulin, homeostasis model assessment
(HOMA)-R and -B, TG, high-density lipoprotein choles-
terol (HDL-C), non-HDL-C, low-density lipoprotein
cholesterol (LDL-C), UA, and FFA. HbA,. values were
assessed using the National Glycoprotein Standardization
Program (NGSP) [19, 20].

Blood was collected from patients in the fasting state
before breakfast, and the standard technique was used to
measure these parameters as described previously [18].
HbA . and FBG were measured once a month. Insulin was
measured using a kit from Abbott Japan (Tokyo, Japan) at
baseline and at the end of the study (3 months). Anti-
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glutamic acid decarboxylase (GAD) antibodies were mea-
sured in some patients to exclude those with TIDM (Mit-
subishi BML, Tokyo, Japan). HOMA-R and HOMA-B
were calculated as previously described [21]. Hepatic
(AST, ALT, alkaline phosphatase [ALP], gamma-glutamyl
transpeptidase [y-GTP]) and renal (blood urea nitrogen
[BUN] and creatinine) functions were also monitored
1 month after initiating ipragliflozin. If any of these
parameters had increased significantly, we discontinued
ipragliflozin. Subjects were divided into two groups: group
L (‘lost’, n = 17) comprised patients who lost significant
weight (change in BMI [ABMI] < —0.75; p < 0.00001),
and group N (‘neutral’, n = 16) comprised patients who
did not lose weight (ABMI > —0.75; p value not significant
[NS]). In group L, two subjects received ipragliflozin
25 mg/day and 15 subjects received ipragliflozin
50 mg/day. In group N, two subjects received ipragliflozin
25 mg/day and 14 subjects received ipraglifiozin
50 mg/day.

2.3 Data Analyses

We calculated change as 3-month values (post-therapy)
minus baseline values (pre-therapy). When the data were
normally distributed, we used a paired Student’s ¢ test to
analyze the changes in each group (intra-group differ-
ences). An unpaired Student’s ¢ test was employed to
compare baseline values in these two groups. We used the
Wilcoxon signed-rank test to analyze data that were not
normally distributed and analysis of covariance

(ANCOVA) to compare inter-group differences. We con-
ducted simple regression analysis to analyze the correla-
tions between changes in parameters. We conducted
multiple regression analysis to identify any contributing
factors for changes in BMI with ipraglifiozin. The fol-
lowing independent variables (baseline levels) were used:
age, HbA,., FBG, HDL-C, TG, LDL-C, UA, HOMA-R,
HOMA-B, and BMI. The results were expressed as
mean =+ standard deviation (SD). Throughout the statisti-
cal analysis, p < 0.05 was considered significant.

3 Results

3.1 Effects on Glycemic and Non-Glycemic
Parameters with Ipraglifiozin (All Subjects)

At 3 months, we observed significant reductions in FBG,
HbA,., BMI, HOMA-R, and UA levels and significant
increases in HOMA-B levels. Little, if any, changes were
noted in lipid parameters, including total cholesterol (TC),
TG, HDL-C, non-HDL-C, and LDL-C levels (see Table 1
for values and statistical significance). Significant correla-
tions were observed between ABMI and changes in levels
of TC, non-HDL-C, or LDL-C (Table 2). Conversely, and
unexpectedly, no correlations were seen between ABMI
and changes in glycemic parameters (e.g., AHbA. or
AFBG; Table 2). We conducted multiple regression anal-
ysis to identify contributing factors for the changes in BMI
with ipraglifiozin. We used the following independent

Table 1 Baseline

Characteristics Baseline 3 months % changes p values

characteristics and changes in

diabetic parameters with Sex (F/M) 5/28

ipragliflozin (all subjects) Age (years) 553 4+ 113
FBG (mg/dl) 193.9 £ 61.7 150.0 £ 39.7 —22.64 <0.0002
HbA . (%) 9.90 £ 2.02 8.18 + 1.60 —-17.37 <0.00001
Insulin (pU/ml) 7.05 + 3.82 7.69 £+ 4.89 9.07 NS
HOMA-R 339+ 198 276 £ 1.77 —18.58 <0.01
HOMA-B 23.95 £+ 18.40 38.85 £ 31.79 62.21 <0.001
UA (mg/dl) 5.56 £ 1.46 5.24 £1.56 —5.75 <0.03
BMI 25.64 £ 3.98 25.00 £+ 4.01 -2.9 <0.0005
FFA (eE/l) 0.770 £+ 0.241 0.752 £+ 0.350 —2.33 NS
TC (mg/dl) 218.0 £ 39.9 220.0 £+ 29.1 0.91 NS
TG (mg/dl) 235.2 £ 224.1 2232 +£217.5 =51 NS
HDL-C (mg/dl) 50.8 £ 11.7 52.9 £ 13.1 4.13 NS
Non-HDL-C (mg/dl) 167.1 £ 394 167.0 £+ 30.8 —0.05 NS
LDL-C (mg/dl) 137.3 £ 38.6 138.0 £ 30.2 0.5 NS

BMI body mass index, F female, FBG fasting blood glucose, FFA free fatty acid, HbA,;. glycated hemo-
globin, HDL-C high-density lipoprotein cholesterol, HOMA-B/R homeostasis model assessment-B/R, LDL-
C low-density lipoprotein cholesterol, M male, NS not significant, 7C total cholesterol, 7G triglyceride, UA

uric acid
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Table 2 Correlations between change in body weight and change
glycemic and non-glycemic parameters. Simple regression analysis
was performed between the indicated parameters

Parameters R p values
ABMI vs. AFBG —0.0109 NS

vs. AHDbA. 0.1836 NS

vs. Ainsulin 0.2745 NS

vs. AHOMA-R 0.1446 NS

vs. AHOMA-B 0.1302 NS

vs. AUA 0.2229 NS

vs. AFFA 0.0318 NS

vs. ATC 0.4672 <0.01
vs. ATG 0.1522 NS

vs. AHDL-C 0.0794 NS

vs. Anon-HDL-C 0.5084 <0.005
vs. LDL-C 0.3731 <0.05

BMI body mass index, FBG fasting blood glucose, FFA free fatty
acid, HbA,. glycated hemoglobin, HDL-C high-density lipoprotein
cholesterol, HOMA-B/R homeostasis model assessment-B/R, LDL-C
low-density lipoprotein cholesterol, NS not significant, TC total
cholesterol, TG triglyceride, UA uric acid

variables: age, HbA,., FBG, BMI, HDL-C, TG, LDL-C,
UA, insulin, HOMA-R, HOMA-B, and BMI. However, no
significant contributing factors were identified (results not
shown).

3.2 Differential Regulations of Diabetic Parameters
with Ipragliflozin Depending on Body Weight
Changes

Baseline parameter characteristics were similar between
the groups, and no statistically significant differences were
noted, except that BMI and lipid (TC, TG, HDL-C, non-
HDL-C, LDL-C) levels tended to be higher in group L than
in group N (Table 3). Reductions in HbA . and FBG levels
were similar for the two groups (Table 4). HOMA-B levels
increased in both groups, with significant inter-group dif-
ferences (Fig. 1a, p < 0.05; 4+96.83 vs. +38.91% in group
N and group L, respectively).

However, other parameters showed distinct regulatory
patterns. In group L, we observed significant reductions in
HOMA-R (—20.18%; p <0.04) and UA (—8.91%;
p <0.02) levels. Insignificant increases in FFAs and
decreases in non-HDL-C and LDL-C levels were noted
(see Table 4). In group N, significant reductions in FFA
levels (—17.07%; p < 0.05) and insignificant increases in
non-HDL-C and LDL-C levels were observed (see
Table 4). Significant inter-group differences existed in the
changes in non-HDL-C and LDL-C levels (both p < 0.05,
see Fig. 1b, c).

A\ Adis

Table 3 Baseline characteristics of metabolic parameters between
group L and group N

Characteristics Group N Group L p values
Sex (F/M) 2/14 3/14 NS
Age (years) 531 £ 115 573 £ 11.1 NS
FBG (mg/dl) 201.1 & 63.5 187.9 + 614 NS
HbA . (%) 10.07 £+ 1.85 9.76 + 2.20 NS
Insulin (WU/ml) 6.84 £+ 3.74 7.23 +£3.98 NS
HOMA-R 3.46 £ 1.97 332 +£2.04 NS
HOMA-B 21.18 £ 15.85 26.26 £20.45 NS
UA (mg/dl) 5.51 £ 1.20 5.61 + 1.68 NS
BMI 2529 £ 491 2594 £ 3.12 0.064
FFA (eEq/l) 0.808 & 0.225  0.739 £ 0.255 NS
TC (mg/dl) 204.6 & 36.6 228.3 +40.3 NS
TG (mg/dl) 198.0 &+ 186.6  264.2 £ 250.8 NS
HDL-C (mg/dl) 48.7 £ 122 524 + 114 NS
Non-HDL-C (mg/dl)  155.9 + 32.0 1759 +£ 432 NS
LDL-C (mg/dl) 131.4 4 34.1 142.0 + 42.1 NS

BMI body mass index, F female, FBG fasting blood glucose, FFA free
fatty acid, HbA,. glycated hemoglobin, HDL-C high-density
lipoprotein cholesterol, HOMA-B/R homeostasis model assessment-B/
R, LDL-C low-density lipoprotein cholesterol, M male, NS not sig-
nificant, TC total cholesterol, 7G triglyceride, UA uric acid

3.3 Modulation of Insulin Resistance and Beta-Cell
Function in the Glycemic Efficacy
of Ipragliflozin Depending on Body Weight
Changes

Our next question was whether glucose level reductions
(assessed with FBG) correlated with changes in insulin
resistance (assessed via HOMA-R) and/or beta-cell func-
tion (assessed via HOMA-B) according to changes in body
weight (assessed with BMI). For this purpose, we con-
ducted simple regression analysis of changes in these
parameters between group L and group N. Significant
correlations were observed between AHOMA-R and AFBG
in group L (Table 5). Conversely, significant negative
correlations were seen between AHOMA-B and AFBG and
between AFFA and AHOMA-B in group N (Table 5). No
correlations were noted between other parameters (results
not shown).

4 Discussion

4.1 Link Between Body Weight Changes
and Glycemic Efficacies with Ipragliflozin

One of the most notable effects of ipragliflozin is the
reduction in body weight (Table 1). This is similar to other
SGLT-2 inhibitors [4]. Many drugs used in the treatment of
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Table 4 Changes in glycemic and non-glycemic parameters with ipragliflozin in two groups of subjects with distinct body weight changes

Parameters Group L Group N

Baseline 3 months % changes p values  Baseline 3 months % changes p values
Sex (F/M) 3/14 2/14
Age (years) 573 £ 11.1 53.1 £ 11.5
BMI 2594 +£3.12  24.66 £ 3.10 —4.93 <0.00001 25.29 4+ 4.91 252 +£ 497 —0.35 NS
FBG (mg/dl) 1879 £ 614 1522 +474 —18.99 <0.04 201.1 £ 63.5 1474 £28.6  —26.7 <0.0002
HbA . (%) 9.76 £ 2.20 802+ 188 —17.82 <0.00001 10.07 £ 1.85 836 £1.23 —1698 <0.0005
Insulin (WU/ml) 7.23 £ 3.98 7.22 £ 391 —0.13 NS 6.84 + 3.74 8.25 £ 5.96 20.61 NS
HOMA-R 332+ 204 265 £ 1.66 —20.18 <0.04 346 £ 1.97 290 £ 194 —16.18 NS
HOMA-B 26.26 + 2045 36.48 + 24.78 38.91 <0.05 21.18 £ 15.85 41.69 + 39.34 96.83 <0.002
UA (mg/dl) 5.61 £ 1.68 5.11 + 1.47 —8.91 <0.02 551 £ 1.20 535+ 1.72 -29 NS
FFA (eEq/l) 0.739 + 0.255 0.820 £ 0.422 10.96 NS 0.808 + 0.225 0.670 £ 0.225 —17.07 <0.05
TC (mg/dl) 2283 £403  221.7 £ 33.6 —2.89 NS 204.6 £ 36.6  217.7 £ 23.1 6.4 NS
TG (mg/dl) 264.2 £ 250.8 252.0 £272.7 —4.61 NS 198.0 £ 186.6 186.1 £ 113.7  —6.01 NS
HDL-C (mg/dl) 524+ 114 53.8 £13.3 2.67 NS 48.7 £ 12.2 51.8 £ 132 6.36 NS
Non-HDL-C (mg/dl) 175.9 £ 43.2 167.8 £ 37.1 —4.6 NS 1559 £32.0 1659 +£21.5 6.41 NS
LDL-C (mg/dl) 142.0 £+ 42.1 133.6 £+ 36.9 —5.91 NS 1314 + 34.1 143.6 + 184 9.28 NS

BMI body mass index, F female, FBG fasting blood glucose, FFA free fatty acid, HbA,. glycated hemoglobin, HDL-C high-density lipoprotein
cholesterol, HOMA-B/R homeostasis model assessment-B/R, LDL-C low-density lipoprotein cholesterol, M male, NS not significant, TC total

cholesterol, TG triglyceride, UA uric acid

diabetes, such as insulin, sulfonylureas, and thiazolidine-
diones, cause weight gain. Therefore, drugs that have
neutral effects on or that can reduce body weight are par-
ticularly important. A recent study showed that the
majority of the reduction in weight with ipragliflozin was
due to the loss of body fat mass (abdominal and subcuta-
neous fat), and changes in lean body mass were minimal
[22, 23]. In an effort to identify factors that contributed to
the reductions in body weight with ipragliflozin, we con-
ducted multiple regression analysis using several glycemic
and non-glycemic factors as independent variables (see the
Sect. 2). However, no significant factors were identified in
the test we ran. Unexpectedly, no correlations existed
between change in body weight (assessed with BMI) and
changes in glycemic parameters (FBG and HbA,;
Table 2). This conclusion was supported by another anal-
ysis in which the subjects were divided into two groups
(group L and group N). Similar reductions in glycemic
parameters were seen in these two groups (FBG and
HbA,_; Table 4).

The mechanism of body weight reduction with SGLT-2
inhibitors is via increased glucosuria (discarding calories
into urine) as expected. This mechanism also influences
other metabolic parameters [4]: blood pressure lowers via
osmotic diuretic actions [5]; serum UA levels decrease via
alterations in UA transport activity (GLUT9 isoform 2) in
renal tubules because of increased glucosuria [24]; and TG
levels decrease via increased lipolysis [22]. Interestingly,
as shown in this study, this drug can have good glycemic

efficacy in those who do not lose weight (Table 4). Why do
such populations still exhibit good glycemic efficacies?
One potential explanation is that, in patients who do not
lose weight with ipragliflozin, beta-cell function is acti-
vated and thus the physiological effectiveness of insulin
(which is a lipogenic hormone) is restored, thereby off-
setting the decrease of body weight via increased gluco-
suria (Fig. 2). Alternatively, these patients may possess
novel glucose-lowering mechanisms other than enhanced
urinary glucose excretion with this drug.

4.2 Link Between Body Weight Changes and Non-
Glycemic Efficacies with Ipraglifiozin

Based on our results, it is plausible that patients who lose
weight while receiving ipragliflozin may have more
advantages than those who do not in terms of some non-
glycemic parameters (e.g., UA, LDL-C, or non-HDL-C),
though similar glycemic efficacies were observed regard-
less of changes in body weight (Table 4; Fig. 1a—c). These
parameters, including elevated levels of UA, LDL-C, and
non-HDL-C, were known risk factors for cardiovascular
(CV) diseases. The recently reported CV outcome trial,
EMPA-REG OUTCOME, demonstrated that empagliflozin
significantly reduced CV morbidity and mortality in sub-
jects with T2DM and at high CV risk [25]. An under-
standing of the mechanisms of these favorable CV effects
would be of significant interest, as would identifying the
characteristics of patients who benefit from this drug. Our
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P<0.05 Table 5 Correlations between the changes of glycemic parameters
A and those of insulin resistance (HOMA-R) and beta-cell functions
(HOMA-B). Simple regression analysis was performed between the
_ indicated parameters in group L and group N
;" 150 ] 196.83% R p values
=
\:; 100 Group L
e +38.91% AHOMA-R vs. AFBG 0.557 <0.02
<« 50
% Group N
= 0 AHOMA-B vs. AFBG —0.4781 <0.05
group N group L AFFA vs. AHOMA-B —0.4305 <0.05
FBG fasting blood glucose, HOMA-B/R homeostasis model assess-
ment-B/R, A indicates change
B P<0.05
= ipragliflozin
<
o0
= + 0,
£ 10 6.41% FFA /
(]
X 5 4.60% —— BWY insulin resistance |
S’ =, 0
< o \
é 5 Q blood glucose l
g FFA | /
~ 10 group N group L - BW beta-cell function |
Fig. 2 Schematic representation of glycemic efficacy of ipragliflozin
depending on changes in body weight. BW body weight, FFA free
fatty acid, 7 and | indicate increase and decrease, respectivel
P<0.05 ! pecvEy
C 4.3 Modulation of Insulin Resistance and Beta-Cell
Function with Ipragliflozin
2 197 +9.28%
a 101 e FFAs have been hypothesized to be the underlying cause
3_:% and/or consequence of impaired beta-cell function, called
\‘; 57 -5.91% ‘lipotoxicity’ [26, 27]. FFA levels significantly decreased
:‘-; 0 in group N but tended to increase in group L (Table 4).
A 5 Due to their mechanisms of action, SGLT2 inhibitors shift
a ) substrate utilization from carbohydrates to lipids. Thus,
-10- group N group L presumably, patients who lose weight have elevated FFA

Fig. 1 Differential effects on metabolic parameters with ipragliflozin
in subjects with distinct body weight changes. Analysis of covariance
was performed to analyze the inter-group differences on the
reductions between group L and group N. a homeostasis model
assessment-B, b non-high-density lipoprotein cholesterol. ¢ Low-
density lipoprotein cholesterol

hypothesis is that patients who lose weight have better CV-
related profiles (e.g., reductions in levels of UA, non-HDL-
C, and LDL-C as we have shown; Table 4). Sub-analysis of
the subjects in terms of weight changes in EMPA-REG
may challenge this hypothesis. Finally, whether or not
other SGLT-2 inhibitors, including ipragliflozin, have
similar CV benefits remains to be seen.
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levels via decreased TG levels [22]. On the other hand, the
mechanism by which ipraglifiozin lowers high FFA levels
in patients who do not lose weight remains to be
investigated.

It appears that the glycemic efficacy of ipraglifiozin is
determined by the balance of its ability to modulate insulin
resistance and beta-cell function depending on changes in
body weight. Briefly, in group L, significant reductions in
insulin resistance (HOMA-R) were seen (Table 4) and
changes in HOMA-R levels were significantly correlated to
changes in FBG (Table 5). Conversely, in group N, we
observed significant reductions in FFA levels (lipotoxicity)
and higher degrees of increases in beta-cell function
(HOMA-B) compared with patients who lost weight
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(Table 4; Fig. 1a). Indeed, significant negative correlations
between changes in FFA and changes in HOMA-B, or
between changes in HOMA-B and changes in FBG levels
were seen (Table 5) in this population. Taken together,
these results indicate ipragliflozin may have two distinct
glucose-lowering mechanisms: reducing insulin resistance
via weight loss (group L) and activating beta-cell function
by reducing lipotoxicity (FFA levels; group N) (Fig. 2). To
this end, it should be noted that the high baseline HOMA-R
levels in these subjects may indicate the presence of non-
alcoholic fatty liver disease (NAFLD) [28], and the effects
of ipraglifiozin on NAFLD are yet to be investigated.

4.4 Limitations and Future Perspectives

This study has a number of limitations. It is an observa-
tional (but prospective) study with a small number of
subjects and a short duration. However, one can assume
that the observed changes were exclusively caused by the
tested drug based on the study design (monotherapy with
drug-naive subjects). Further randomized double-blind
placebo-controlled studies over a longer period and with
more subjects will be required to strengthen the findings
from this study.

Another limitation is that the sex ratio (female/male) of
the subjects was unbalanced (Table 1). More female sub-
jects should be included to enable more solid conclusions.
Furthermore, other important parameters (e.g., ketone
bodies) that may be regulated by SGLT-2 inhibitors need to
be measured in future studies. We are currently undertak-
ing identical research with canagliflozin 100 mg/day
monotherapy in drug-naive subjects with T2DM. These
results will clarify whether the observed phenomenon in
this work is a drug effect (specific for ipragliflozin) or a
class effect of SGLT-2 inhibitors.

5 Conclusions

The results of this study add the following novel infor-
mation to our current knowledge: ipraglifiozin may possess
distinct dual glucose-lowering mechanisms depending on
body weight changes. Degrees of insulin resistance
decrease in subjects who lose weight. Conversely, this drug
reduces lipotoxicity (FFA levels) in subjects who do not
lose weight, thereby activating beta-cell function. Similar
glycemic efficacies were observed in these two popula-
tions. Furthermore, in patients who lose weight, ipragli-
flozin is associated with improvements in the levels of
metabolic parameters related to CV risk factors, including
UA and atherogenic lipids (non-HDL-C and LDL-C)
compared with patients who do not lose weight.
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