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Sodium-glucose Co-transporter 2 Inhibitors Reduce the
Abdominal Visceral Fat Area and May Influence the
Renal Function in Patients with Type 2 Diabetes
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Abstract

Objective and Methods An SGLT?2 inhibitor (ipragliflozin, dapagliflozin, luseogliflozin, tofogliflozin, or
canagliflozin) was administered to 132 outpatients with type 2 diabetes mellitus with or without other antidia-
betic drugs for 6 months to evaluate its efficacy, the incidence of adverse events, and its influence on the re-
nal function.

Results The patient’s mean glycated hemoglobin level significantly improved from 7.52+1.16% to 6.95+
0.98% (p<0.001). The body weight of the patients was significantly reduced from 78.0+15.3 kg to 75.6+15.1
kg (p<0.001). The estimated visceral fat area was also significantly reduced from 108.4+44.6 cm’ to 94.5+
45.3 ¢cm® (p<0.001). The waist circumference, blood pressure, serum alanine aminotransferase, y-glutamyl
transpeptidase, and uric acid levels also showed a significant decrease. The urinary albumin/creatinine ratio
(U-ACR) was significantly reduced in the patients whose U-ACR levels were 30-300 mg/gCr at the baseline.
The mean eGFR significantly decreased in the patients with a pre-treatment eGFR value of >90 mL/min/1.73
m’ but remained unchanged in the patients with a pre-treatment value of <90 mL/min/1.73 m®. A total of 13
adverse events were noted, including systemic eruption (n=1), cystitis (n=2), pudendal pruritus (n=2), nausea
(n=1), malaise (n=1), a strong hunger sensation and increased food ingestion (n=1), and non-serious hypogly-
cemia (n=5).

Conclusion SGLT?2 inhibitors seemed to be useful in the treatment of obese type 2 diabetes mellitus pa-

tients. Furthermore, these data suggest that SGLT2 inhibitors may protect the renal function.
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Introduction

In April 2014, SGLT2 inhibitors, a new family of antidia-
betic drugs, became available for clinical use in Japan.
SGLT2 inhibitors are expected to not only improve glycemic
control by stimulating urinary glucose excretion but to also
enable weight loss, reduce blood pressure, and improve the
lipid profile (1-3). Thus, SGLT?2 inhibitors are also expected

to suppress diabetic complications. However, the history of
using SGLT?2 inhibitors is still short and -for the most part-
their adverse effects remain to be clarified. Since SGLT2 in-
hibitors were approved for clinical use in Japan, there have
been several reports of patients who developed severe ke-
toacidosis or cerebral infarction, including some fatal
cases (4). Thus, SGLT?2 inhibitors should only be adminis-
tered in carefully selected cases. Although there is accumu-
lating evidence on the efficacy and safety of SGLT2 inhibi-
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Table 1. The Clinical Background of 132 Type 2 Diabetes
Patients Who Were Treated with SGLT2 Inhibitors.

Age 51.0 +10.9 (27-80)

Sex (male/female) 75 /57

Duration 6.3 + 6.1 years (0-32 years)
Height 164.1 +8.8cm

Body weight 71.9 +153kg (47.7-121.3 kg)
BMI 28.8 +4.7 (20.4-48.8)
Visceral fat area 107.5 +44.7 cm’ (20220 cm?)
HbAlc 745 +1.14%

The values are expressed as the mean + SD. BMI: body mass index, HbAlc:
glycated hemoglobin

Table 2. The SGLT2 Inhibitors That
Were Administered to the Patients in the

Present Study.
Ipragliflozin (50 mg) 95 cases
Dapagliflozin (5 mg) 7 cases
Luseogliflozin (2.5 mg) 5 cases
Tofogliflozin (20 mg) 18 cases
Canagliflozin (100 mg) 7 cases

tors in Western countries (where they were marketed ear-
lier), there have been few reports on the large-scale clinical
use of SGLT2 inhibitors in Japan, and little is known of
their efficacy and safety in clinical cases. In the current
study, we evaluated the usefulness and safety of SGLT2 in-
hibitors in patients with type 2 diabetes mellitus who were
treated for 6 months. At the same time, the influence of
SGLT2 inhibitors on the renal function was evaluated
through the analysis of changes in the estimated glomerular
filtration rate (eGFR) and the urinary albumin/creatinine ra-
tio.

Materials and Methods

The present study included 132 type 2 diabetes outpa-
tients with poor glycemic control, who had continued diet
therapy, exercise therapy, and/or who were treated with an-
tidiabetic drugs other than SGLT2 inhibitors at our clinic
(Table 1). The study excluded patients who were judged as
being inappropriate by physicians because of their inability
to understand the importance of water intake during treat-
ment or the explanation about the possible adverse effects of
SGLT?2 inhibitors. This study was performed in compliance
with the Declaration of Helsinki, and written informed con-
sent was obtained from each patient. The study received ap-
proval from our clinic’s ethics committee (Study no.
720901).

One of the SGLT2 inhibitors (Table 2) was administered
with or without other oral hypoglycemic drugs, insulin
preparations, or glucagon-like peptide-1 receptor (GLP-1R)
agonists. The concomitantly used antidiabetic drugs included
glimepiride (n=20), metformin (n=79), dipeptidyl peptidase-
4 (DPP-4) inhibitors (n=63), glinides (n=9), o-glucosidase
inhibitors (n=17), pioglitazone (n=8), insulin (n=15), and
GLP-1R agonists (n=4). No concomitant drugs were used in

Table 3. The Reasons for Treatment Discon-
tinuation in 21 Cases.

Systemic eruption 1 case
Pollakiuria disturbing the patient’s job 3 cases
Nausea 1 case
Malaise 1 case
Strong hunger/increased food ingestion 1 case
Myalgia 1 case
Chest compression 1 case
Shoulder discomfort 1 case
Difficulty attending visits at 2-week intervals 1 case
Weight loss not desired 1 case
Switched to insulin 2 cases
Admission for hip surgery 1 case
Change of residence 2 cases
Changed to another medical facility 1 case
Discontinued attending visits 3 cases

15 cases. The mean number of concomitant drugs in each
case was 1.94. No changes were allowed in the administra-
tion of concomitant antidiabetic drugs during the observa-
tion period, except in cases where it was necessary in order
to prevent hypoglycemia. The dose reductions or discontinu-
ation of glimepiride and the dose reductions of insulin were
implemented at the start of SGLT2 inhibitor treatment in the
following manner. In the patients whose glimepiride dose
was 22 mg or 1-1.5 mg, the dose was reduced to 1 mg or
0.5 mg, respectively; while glimepiride was discontinued in
patients whose dose was 0.5 mg. Each dose of insulin was
reduced by 10% in patients with a glycated hemoglobin
(HbAlc) level of <8%. If the blood glucose or HbAlc level
was markedly aggravated after the start of SGLT2 inhibitor
treatment following a reduction in the dose of insulin, the
dose was returned to the original amount. In some cases, we
considered reducing or discontinuing the administration of
existing diuretics if the patient was of advanced age or if
his/her systolic blood pressure in the physician’s office was
<130 mg in order to avoid dehydration or an excessive de-
crease in blood pressure.

The administration of SGLT2 inhibitors was continued for
6 months in 111 cases. The details of the 21 cases in which
treatment was prematurely discontinued are shown in Ta-
ble 3.

Immediately before and at 3 and 6 months after the start
of SGLT2 inhibitor treatment, the following parameters were
evaluated: HbAlc, body weight, body mass index (BMI),
waist circumference, the estimated visceral fat area, systolic
blood pressure, diastolic blood pressure, serum aspartate
aminotransferase (AST), alanine aminotransferase (ALT), -
glutamyl transpeptidase (y-GTP), blood urea nitrogen, cre-
atinine, uric acid, the estimated glomerular filtration rate
(eGFR), the urinary albumin/creatinine ratio (U-ACR) (as
determined by casual urine collection in the morning), and
the serum levels of low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C), and
triglyceride.

The visceral fat area was estimated on an OMRON HDS-
2000 using the dual impedance method (5). To reduce mea-
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(n=110) over 6 months of SGLT2 inhibitor treatment. *p<0.001 vs. 0 month.

surement errors, the data were collected before or >2 hours
after a meal.

The data were analyzed using a paired f-test. The statisti-
cal analyses were performed using the data analysis tool
function of Microsoft Excel 2013. p values of <0.05 were
considered to indicate statistical significance.

Results

The mean HbAlc level improved over the treatment pe-
riod (Fig. la), and significantly decreased from 7.52+1.16%
at the baseline to 6.95+0.98% at 6 months (p<0.001, Ta-
ble 4). A higher pre-treatment HbAlc level was associated
with a significant decrease in the HbAlc level after 6
months of treatment (Fig. 2a).

The mean body weight also decreased over time after the
start of SGLT2 inhibitor treatment (Fig. 1b), with a signifi-
cant decrease from 78.0+15.3 kg to 75.6+15.1 kg at 6
months (p<0.001, Table 4). The pre-treatment BMI was not
correlated with the magnitude of improvement in HbAlc af-
ter the start of treatment (Fig. 2b) and there was no signifi-
cant correlation between the changes in body weight and the
magnitude of HbAlc improvement (Fig. 2c).

The estimated visceral fat area, which was measured in
64 cases, showed a significant decrease from 108.4+44.6
cm’ to 94.5+45.3 cm’ (p <0.001, Table 4). The waist cir-
cumference also showed a significant decrease from 98.3+
10.5 cm to 94.9+10.3 cm (p<0.001, Table 4). A larger pre-
treatment visceral fat area was associated with a significant
reduction in the visceral fat area at 6 months after the start
of treatment (Fig. 2d) and significant weight loss was seen
in cases with a decreased visceral fat area (Fig. 2e); however
there was no correlation between the reduction in the vis-

ceral fat area and the improvement of the HbAlc level
(Fig. 2f).

The systolic and diastolic blood pressures significantly de-
creased during the treatment period (p<0.001, p<0.001; Ta-
ble 4).

Although the entire U-ACR after the 6-month treatment
period was numerically lower -though not to a significant
extent- than that at the baseline (Table 4), the ratio in the
patients whose U-ACR levels were 30-300 mg/gCr at the
baseline was significantly decreased at 6-month timepoint
(Fig. 3). In contrast, the eGFR after 6 months of treatment
significantly decreased (p<0.001) (Table 4). However, in a
subgroup with pre-treatment eGFR values of >90 mL/min/
1.73 m’, the eGFR significantly decreased (Fig. 4a). On the
other hand, the eGFR in a subgroup with pre-treatment val-
ues of less than 90 mL/min/1.73 m’ showed no significant
change (Fig. 4b).

AST, ALT, y-GTP, and uric acid levels at the end of treat-
ment significantly decreased in comparison to those at the
baseline (Table 4). The serum levels of LDL-C and triglyc-
eride tended to decrease, while the serum level of HDL-C
tended to increase, but none of these changes was statisti-
cally significant (Table 4).

During the 6-month study period, 13 adverse events oc-
curred, namely: systemic eruption (n=1), cystitis (n=2), pu-
dendal pruritus (n=2), nausea (n=1), malaise (n=1), bulimia
due to strong sensation of hunger (n=1), and mild to moder-
ate hypoglycemia (n=5) (Table 5).

Discussion

In the present study, the mean HbAlc level significantly
decreased by 0.57% at 6 months after the start of SGLT2 in-
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Figure 2. (a) The correlation between the pre-treatment glycated hemoglobin (HbA1lc) level and
the changes in the HbAlc level (n=111). (b) The correlation between the pre-treatment body mass
index (BMI) and changes in the HbAlc level (n=110). (c) The correlation between changes in body
weight (BW) and changes in the HbA1c level (n=110). (d) The correlation between the pre-treatment
visceral fat area (VFA) and changes in the VFA (n=64). (¢) The correlation between changes in the
VFA and changes in BW (n=64). (f) The correlation between changes in the VFA and changes in the
HbAl1c level (n=64).

Table 4. The Clinical Indicators before and after SGLT2 Inhibitor Treatment.

Before 3 months p 6 months p n
HbAlc (%) 7.52+1.16 7.02+£0.92  <0.001 695+£098  <0.001 111
Body weight (kg) 78.0+15.3 76.2+15.7 <0.001 75.6+15.1 <0.001 110
BMI (kg/mz) 289+4.7 282+4.7 <0.001 28.0+4.6 <0.001 110
Abdominal circumference (cm) 98.3+10.5 96.5+10.5 0.002 949+10.3 <0.001 57
Visceral fat area (sz) 108.4+44.6 100.1+40.9 <0.001 945+453 <0.001 64
Subcutaneous fat area (cn’) 258.3+80.0 2419+759  <0.001 2292+78.0  <0.001 64
Systolic — blood - pressure 1337+155 1280+146 <0001 1274135 <0001 111
(mmHg)
Diastolic ~ blood  pressure
(mmHg) 79.6+10.27 77.1+94 0.007 752+104 <0.001 111
AST (IU/L) 27.7+15.6 239+11.8 <0.001 23.1+11.8 0.001 106
ALT (IU/L) 3954312 329+24.2 0.001 30.7+£22.7 <0.001 107
yGTP (IU/L) 53.1+£46.2 437+335 <0.001 41.6+34.1 <0.001 105
BUN (mg/dL) 145+36 152+4.1 0.051 149434 0.194 104
Uric acid (mg/dL) 53+13 49+13 0.002 48+13  <0.001 86
Cr (mg/dL) 0.65+0.15 0.68+0.17 0.002 0.68+0.15  <0.001 106
eGFR (mL/min/1.73m?) 93.1+204 89.6+21.0 0.010 88.7+£19.9 <0.001 106
Urinary  albumin/creatinine 82142279 62442031  <0.001 55541488 0079 101
ratio (mg/gCr)
LDL-C (mg/dL) 107.1+29.7 106.0 +29.1 0.643 108.4+32.1 0.629 106
HDL-C (mg/dL) 50.7+14.8 517159 0.296 51.5+14.9 0329 107
Triglyceride (mg/dL) 2286+176.8 2020+1295  0.061 201241253 0056 107

The values are expressed as the mean = SD. HbAlc: glycated hemoglobin, BMI: body mass index, AST: aspartate
aminotransferase, ALT: alanine aminotransferase, y-GTP: y-glutamyl transferase, BUN: blood urea nitrogen, Cr: creatinine,
eGFR: estimated glomerular filtration rate, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein
cholesterol
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Figure 3. The changes in the urinary albumin/creatinine ratio (U-ACR) before and at 3 and 6
months after the start of SGLT2 inhibitor treatment. (a) The patients with a pre-treatment U-ACR of
<30 (n=71). (b) The patients with a pre-treatment U-ACR of 30-299 (n=21). (c) The patients with a
pre-treatment U-ACR of 2300 (n=9). * p<0.05, +p<0.01, $ p<0.005, # p<0.001 vs. baseline.
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Figure 4. The changes in the estimated glomerular filtration rate (¢eGFR) before and at 3 and 6
months after the start of SGLT2 inhibitor treatment. (a) The patients with a pre-treatment eGFR of
290 (n=56). (b) The patients with a pre-treatment eGFR of <90 (n=50). *p<0.05, +p<0.01, $ p<0.005, #
p<0.001 vs. baseline.

hibitor treatment. The magnitude of reduction in this pa- This difference may be explained by 1) the relatively low
rameter was smaller than that recorded during the pre- baseline HbAlc level (7.52%) in the present study, and 2)
marketing clinical trials of various SGLT2 inhibitors (1, 6). the dose reductions or discontinuance of glimepiride or insu-
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Table 5. The Adverse Events Due
to the Administration of SGLT2 In-
hibitors in 132 Patients.

Total 13 cases
Systemic eruption 1 case
Cystitis 2 cases
Pudendal pruritus 2 cases
Nausea 1 case
Malaise 1 case
Strong sense of hunger 1 case
Non-severe hypoglycemia S cases

lin in some cases. In the 78 cases in which the doses of
concomitant drugs were not reduced, the mean HbAlc level
decreased by 0.55% from 7.26%. However, in 33 cases in
which the doses of concomitant drugs were reduced, the
mean HbAlc level decreased by 0.59% from 8.15%. Thus,
the doses of concomitant drugs in the latter group were re-
duced in spite of the higher HbAlc levels. Thus, the latter
group would show a further reduction in HbAlc levels with-
the dose of the concomitantly-
administered drugs, resulting in a larger improvement of the
glycemic control in the whole study population. Instead of a
marked decrease in HbAlc levels, our protocol allowed for
the safe administration of SGLT2 inhibitors without the in-
duction of severe hypoglycemia.

Higher pre-treatment HbAlc levels were correlated with a
significant decrease in the levels at the end of the treatment.
This finding is similar to the results obtained with existing
antidiabetic drugs (7) and is consistent with the clinical trial
data on various SGLT?2 inhibitors (8-12). One possible rea-
son for this association is an increase in urinary glucose ex-
cretion from the kidneys in patients with higher blood glu-
cose levels.

There was no significant correlation between the pre-
treatment BMI or the visceral fat area and the decrease in
the HbAlc level at the end of the treatment period. This fact
may indicate that SGLT?2 inhibitors have the potential to re-
duce the glucose level in both obese and non-obese patients.

The pre-treatment visceral fat area in the current study av-
eraged 108.4 cm’, exceeding the cut-off point of 100 cm’,
which is based on the criterion for visceral obesity proposed
by the Japan Society for the Study of Obesity, and de-
creased by 12.8% at the end of the SGLT2 inhibitor treat-
ment period. Two reports have evaluated the visceral fat-
lowering effects of SGLT2 inhibitors in humans: the effects
of dapagliflozin [evaluated by dual X-ray absorptiome-
try (13)], and the effects of canagliflozin [evaluated by X-
ray computed tomography (14)]. Both studies also reported
that their patients showed body weight loss at the end of the
respective treatment periods, primarily due to a decrease in
visceral fat. In an animal study, the administration of ipragli-
flozin to obese rats that were fed high fat diet resulted in a
decrease in the visceral and subcutaneous fat mass, indicat-
ing that the weight-suppressive activity of this drug is not
attributable to a decrease in the lean body mass or bone

out a reduction in

mass (15). Furthermore, the estimation of energy expendi-
ture using indirect calorimetry revealed that ipragliflozin de-
creased carbohydrate utilization and elevated fat-derived en-
ergy, resulting in a lower respiratory quotient (14)

In the present study, the administration of SGLT2 inhibi-
tors decreased the body weight of the patients by 3.1%. A
previous report indicated that a body weight loss of 1-3%
through a lifestyle modification program was able to signifi-
cantly improve the triglyceride, HDL-C, HbAlc and ALT
levels in obese Japanese patients (16); thus even a small
weight loss 3.1% can contribute to the improvement of over-
all patient health. In the present study, a larger pre-treatment
visceral fat area was associated with a more marked de-
crease in the visceral fat area after treatment accompanied
by weight loss. We may say that appropriate weight loss
was achieved by a fat decrease in such cases. Although
weight loss was, to a certain extent, also observed in pa-
tients with a low pre-treatment BMI or visceral fat area, the
weight reduction in such cases was not accompanied by an
improvement in the visceral fat area. It is therefore likely to
involve a decrease in components other than fat -for exam-
ple, water, bone, and muscle.

In addition, a decrease in the visceral fat area and a sig-
nificant improvement in the serum ALT and y-GTP values
were noted after the treatments, suggesting the alleviation of
fatty liver. The potential of SGLT2 inhibitors to strongly
contribute to the treatment of obese diabetic patients through
their visceral fat-lowering effects is therefore considered to
be high. If the improved condition can be maintained for a
long period of time, blood glucose-improving effects can be
expected via reductions in insulin resistance in addition to
the blood glucose-lowering effects through the promotion of
urinary glucose excretion by SGLT?2 inhibitory activity. Fur-
thermore, considering the reports that ipragliflozin improved
insulin sensitivity (as measured by a glucose tolerance test)
at 4 weeks after the start of treatment (17) and that dapagli-
flozin improved the insulin sensitivity in the muscles (18),
the treatment can also be expected to have protective effects
on PB-cells over the long term.

An increase in dietary consumption was reported in a
study involving the 38-day repeated oral administration of
dapagliflozin to rats with diet-induced obesity (19). In the
current study, most patients whose body weights showed no
decrease confessed to increases in their food intake during
the treatment period. Thus, it might be important for pa-
tients to adhere to their diet therapies during SGLT?2 inhibi-
tor treatment.

Although the urinary albumin/creatinine ratio in the pa-
tients with a pre-treatment ratio of <30 mg/gCr was not sig-
nificantly different after 6 months of treatment; the ratio at
the end of the treatment was significantly lower than the ra-
tio at the start of treatment in the patients with a pre-
treatment ratio of 30-299 mg/gCr. The ratio after 6-months
of treatment was slightly -but not significantly- lower than
the pre-treatment ratio in the patients with a baseline ratio of
>300 mg/gCr. We divided the patients into two groups, those
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who were treated with or without renin-angiotensin system
(RAS) inhibitors. In the patients with a ratio of 30-299 mg/
g¢Cr who were treated without RAS inhibitors, the ratio at 3
months and 6 months after the start of treatment was also
significantly decreased. This effect, which is probably attrib-
utable to the influence of improvements in the HbAlc level
and body weight, could indicate the possibility that SGLT2
inhibitor treatment improves the urinary albumin levels in
patients with the early stages of diabetic nephropathy.

After SGLT2 inhibitor treatment, although the eGFR re-
mained unchanged in the patients with a pre-treatment
eGFR of <90 mL/min/1.73 m’, the eGFR significantly de-
creased in the patients with a pre-treatment eGFR of >90
mL/min/1.73 m’. Among the patients with a pre-treatment
eGFR of 90 mL/min/1.73 m’ the eGFR was also found to
be significantly decreased in the patients who were treated
without RAS inhibitors. In a previous report, the administra-
tion of empagliflozin to patients with type 1 diabetes melli-
tus alleviated excessive glomerular filtration by improving
tubule-glomerular feedback (20). The results of the present
study were consistent with this recent finding. Given that
excessive glomerular filtration is one of the most important
pathophysiological characteristics at the early stage of dia-
betic nephropathy, SGLT2 inhibitors might modify the pro-
gression of diabetic nephropathy. The decrease in blood
pressure derived from treatments with SGLT?2 inhibitors may
also contribute to the suppression of renal damage. Further-
more, dapagliflozin has been reported to significantly sup-
press interstitial fibrosis in db/db mice (21). These findings
suggest the ability of SGLT2 inhibitors to protect the renal
function.

In the present study, there was a significant decrease in
the mean uric acid level. This result is consistent with the
tendency for the reduction in the uric acid level that was
seen in a phase II clinical trial of ipragliflozin (22). The de-
crease in the uric acid levels might be attributable to os-
motic diuresis or the direct suppression of uric acid reab-
sorption at the tubular level by SGLT?2 inhibitors (23).

During the current study, no patients developed diabetic
ketoacidosis. However, the risk of SGLT2 inhibitor-induced
ketoacidosis was indicated in an FDA Safety Announcement
(5-15-2015 (24)), and a case has been reported in Japan (4);
however this was confined to cases in which the assessment
of the patient’s disease status by the physician was consid-
ered to be insufficient, such as cases in which all oral hypo-
glycemic drugs (including SU) were suddenly discontinued
despite compromised insulin secretion, and/or patients with
a low carbohydrate diet.

In the present study, patients were advised to consume a
sufficient amount water from before the treatment period in
order to avoid excessive dehydration through the diuretic ac-
tivity of SGLT2 inhibitors. After the start of treatment, the
patients were repeated provided with a concrete explanation
(using different expressions) during each visit at 2-week in-
tervals. It seems that a sufficient prior explanation about the
increase in the urine volume that can be expected after the

start of treatment will help to prevent patients from deciding
to discontinue the drug after the onset of polyuria.

Conclusion

SGLT?2 inhibitors, a new class of antidiabetic drugs, were
administered to Japanese patients with type 2 diabetes melli-
tus to evaluate their usefulness and safety in clinical prac-
tice. Although the 6-months treatment period was short, the
results suggest that SGLT2 inhibitors may be useful in the
treatment of type 2 diabetes mellitus and that they may in-
fluence the renal function. However, care is needed in many
aspects of treatment and prior explanation to patients seems
to strongly affect the usefulness of the drug as well as the
onset of adverse events. It seems necessary to evaluate the
usefulness and safety of SGLT2 inhibitors over a longer pe-
riod of time in the future.
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