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ABSTRACT

Introduction: Sodium-glucose cotransporter 2
(SGLT2) inhibitors promote urinary glucose
excretion. However, the differences in the
effects of various SGLT2 inhibitors are
unknown. We used flash glucose monitoring
(FGM) to identify the differences between
tofogliflozin and ipragliflozin in terms of effi-
cacy in reducing glycemic variability and miti-
gate hypoglycemia risk.
Methods: In this crossover study, 24 patients
with type-2 diabetes mellitus (T2DM) receiving
insulin glargine U300 therapy were randomly
allocated to tofogliflozin and ipragliflozin or
ipragliflozin and tofogliflozin group. Glycemic
variability and hypoglycemia were compared
using to the 3-day FGM data per treatment
period.

Results: Glucose level 2 h after each meal was
significantly lower with tofogliflozin adminis-
tration than with ipragliflozin administration.
Time below the target glucose range after tofo-
gliflozin administration was significantly lower
than that after ipragliflozin administration
(2.1% ± 4.4% vs. 8.7% ± 11.7%). The 24-h
standard deviation of glucose level, mean
amplitude of glycemic excursion, and mean
percent time with nocturnal hypoglycemia after
tofogliflozin administration were significantly
lower than those after ipragliflozin
administration.
Conclusions: Tofogliflozin was more effective
and safer than ipragliflozin in reducing gly-
cemic variability and mitigating hypoglycemia
risk in patients with T2DM treated with insulin
glargine U300.
Trial Registration: This trial was registered at
the University Hospital Medical Information
Network Clinical Trial Registry (no.
UMIN000037158).
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Key Summary Points

Why carry out this study?

Sodium-glucose cotransporter 2 (SGLT2)
inhibitors promote urinary glucose
excretion.

The differences in the effects of various
SGLT2 inhibitors are unknown.

Flash glucose monitoring (FGM) was used
to identify the differences in efficacy
between tofogliflozin and ipragliflozin
treatments.

What was learned from the study?

Data collected using FGM demonstrated
that tofogliflozin was more effective and
safer than ipragliflozin in reducing diurnal
glycemic variability and lowering the risk
of nocturnal hypoglycemia.

The risk of cardiovascular disease was
higher in patients with advanced renal
dysfunction; it is unclear whether SGLT2
inhibitors can reduce the risk of
cardiovascular diseases in such patients.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13019762.

INTRODUCTION

The objectives of diabetes therapy are to delay
or prevent the onset of the associated compli-
cations and maintain a quality of life of patients
comparable to that of healthy individuals [1].
Cardiovascular diseases are a major cause of
mortality of patients with diabetes as a comor-
bidity, and the mortality rate is approximately

two times that of patients without diabetes [2].
Therefore, it is important to select treatments
that cause minimal glycemic variability and
hypoglycemia [3, 4]. An 8-year study in patients
with diabetes reported that hypoglycemia
(\70 mg/dl) increased relative to the overall
mortality by 1.84 fold [5]. Postprandial glucose
level must be suppressed to reduce glycemic
variability. The glucose level 2 h after lunch has
been reported to be significantly correlated with
cardiovascular events and mortality (hazard
ratios 1.507 and 1.885, respectively) [6]. Treat-
ment guidelines for type-2 diabetes mellitus
(T2DM) recommend the administration of a
glucagon-like peptide 1 receptor agonist (GLP-1
RA) and a sodium–glucose cotransporter 2
(SGLT2) inhibitor to patients at a high risk of
atherosclerotic cardiovascular diseases
(ASCVDs), chronic kidney diseases (CKDs), and
heart failure (HF) and those with a history of
these disorders. These therapies might prevent
the onset and recurrence of the aforementioned
conditions [7].

SGLT2 inhibitors are oral hypoglycemic
drugs that promote urinary glucose excretion by
inhibiting glucose reabsorption in the proximal
tubules. Dapagliflozin was the first SGLT2 inhi-
bitor, approved in 2012. At that time, incretin-
based therapy was a recommended treatment
option for diabetes [8], as dipeptidyl peptidase-4
(DPP-4) inhibitors suppress glycemic variability
and reduce hypoglycemia risk [9]. Furthermore,
physicians were hesitant to prescribe SGLT2
inhibitors owing to adverse events such as an
increased risk of female genital organ infec-
tions, urinary tract infections, diabetic ketoaci-
dosis, and bone fractures [10]. SGLT2 inhibitors
alleviate several arteriosclerosis risk factors by
increasing urinary glucose excretion, promoting
body weight and visceral fat mass loss,
improving lipid metabolism and uric acid
levels, and modulating blood pressure via
osmotic diuresis and natriuresis [11–14]. SGLT2
inhibitors may protect vital organs besides
lowering the blood glucose level. Hence, they
have been prescribed for patients with diabetes
at a high risk of cardiovascular events caused by
hypertension and dyslipidemia. In this category
of patients with T2DM, adjunct empagliflozin
therapy with the standard treatment reduces
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the incidence of cardiovascular system-related
mortality, cardiovascular events, and all-cause
mortality [15]. Compared with a placebo,
canagliflozin reduced the risk of cardiovascular
events in patients with T2DM at a high risk of
cardiovascular diseases [16]. Conversely, DPP-4
inhibitors have not been shown to suppress
cardiovascular diseases [17–19]. On the basis of
these findings, SGLT2 inhibitors have been
recommended for high-risk T2DM patients with
ASCVD. In Japan, six types of SGLT2 inhibitors
are approved for T2DM treatment. However, it
is unknown whether SGLT2 inhibitors prevent
cardiovascular events. Moreover, the effects of
SGLT2 inhibitors vary owing to the differences
in their pharmacologic properties [20]. Specifi-
cally, the pharmacologic characteristics of
tofogliflozin and ipragliflozin are different.
Drugs with a similar mode of action may have
varying efficacy as they may vary in absorption,
distribution, metabolism, and excretion
[21, 22]. Compared with a placebo, tofogliflozin
significantly decreased postprandial glucose
level and significantly increased 24-h urinary
glucose excretion during a 12-week observation
period [23]. Continuous glucose monitoring
(CGM) data collected before and 7 days after
oral ipragliflozin administration revealed that
the drug significantly decreased both prepran-
dial and postprandial glucose levels [24].

The percentage of time in the target glucose
range per day (TIR) (70–180 mg/dl) and that
below the target glucose range (TBR) (level 1:
\70 mg/dl; level 2: \54 mg/dl) are the rec-
ommended metrics for CGM. The suggested
thresholds are C 70% for TIR, B 4% for TBR
level 1, and \1% for TBR level 2 for patients
who are not elderly and/or not at a high risk of
diabetes but with a significant risk of severe
hypoglycemia due to age, diabetes duration,
insulin therapy, and relatively higher preva-
lence of undetected hypoglycemia [25].

It has been reported that tofogliflozin and
ipragliflozin effectively control postprandial
hyperglycemia [24, 26]. However, only a few
studies have directly compared these two
agents. Hence, the aim of this study was to
determine whether the treatment with tofogli-
flozin and ipragliflozin and that with ipragli-
flozin and tofogliflozin differ in terms of their

efficacy to limit glycemic variability and hypo-
glycemia induction risk. For this purpose, we
performed FGM of patients with T2DM after
their preprandial glucose level at breakfast was
titrated with long-acting insulin.

METHODS

Study Design and Participants

This single-center, randomized, open-label,
parallel-group, crossover study was conducted
in patients with T2DM from June 2019 to March
2020 in accordance with the Declaration of
Helsinki (1975; revised 2013). The study proto-
col was approved by the Minami Osaka Hospital
Ethics Committee (no. 2018-16) and registered
in the University Hospital Medical Information
Network Clinical Trial Registry (no.
UMIN000037158). All participants were briefed
on the study outline before their participation,
and they provided written informed consent.

Twenty-four patients with T2DM (14 men
and 10 women) were enrolled. They were
admitted to Minami Osaka Hospital for gly-
cemic control. Patient selection criteria were as
follows: (1) age range of 20–75 years; (2) diag-
nosis of T2DM C 1 year before screening; (3)
basal insulin added to oral agents was admin-
istered in the form of insulin glargine U300 for
[3 months before screening; (4) glycated
hemoglobin (HbA1c) level was in the range of
C 7.0% to\ 10.5%; (5) body mass index (BMI)
within the range of C 20.0 kg/m2 to\45.0 kg/
m2; (6) estimated glomerular filtration rate
(eGFR) of B 45 ml/min/1.73 m2; (7) no SGLT2
inhibitor was administered for [ 6 months
before screening. The exclusion criteria were as
follows: (1) severe ketosis, severe hypoglycemia,
diabetic coma or precoma, and subjective uri-
nary tract or genital organ infection within
6 weeks before screening; (2) malignant tumor,
history of malignant tumor, renal vascular
obstructive disease, nephrectomy, renal trans-
plantation, dysuria, anuria, oliguria, or urinary
retention; (3) diabetic proliferative retinopathy,
except for therapeutically stabilized patients; (4)
severe gastrointestinal tract disorder or history
of surgical intervention for gastrointestinal tract
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disorder within 2 weeks before the study; (5)
acute coronary syndrome or cerebrovascular
disorder within 3 months before the study; (6)
putative or confirmed pregnancy or lactation,
severe infections or systemic corticosteroid
administration; (8) severe liver dysfunction [as-
partate aminotransferase (AST) or alanine
aminotransferase (ALT) levels [ 100 U/l]; (9)
history of SGLT2 inhibitor allergy.

Figure 1 shows the protocol of this study.
Twenty-four participants were randomly
assigned to the tofogliflozin and ipragliflozin
group or to the ipragliflozin and tofogliflozin
group at a ratio of 1:1 by block randomization
using a random number table. During the study
period, self-monitoring of blood glucose
(SMBG) was performed four times daily before
meals and at bedtime. In the tofogliflozin and
ipragliflozin group, the participants received
20 mg tofogliflozin once after breakfast and
then insulin glargine U300, which has a small
daily fluctuation and an excellent blood glu-
cose-stabilizing effect [27], was administered
once daily before breakfast to achieve the target
preprandial glucose levels at breakfast, that is,
[80 and \110 mg/dl. If hypoglycemic

symptoms appeared in participants with a glu-
cose level above the target preprandial glucose
level, the insulin dose was lowered at the dis-
cretion of the doctor in charge. The insulin
titration period was C 7 days to eliminate the
effect of glucose toxicity. All participants wore a
Freestyle Libre ProTM flash glucose monitoring
(FGM) system (Abbott Diabetes Care, Alameda,
CA, USA) when the average 3-day glycemic
variability of the preprandial glucose level at
breakfast, as determined by SMBG, was within
10%. Blood was sampled using the FGM system
on days 4 and 11, and serum albumin level was
measured at 0600 and 2100 h. Urine glucose
excretion was measured on days 4 and 11
between 0800 and 2200 h and again between
2200 and 0800 h on the next morning. The
interstitial glucose levels determined by FGM
from days 2 to 14 were found to be accurate
compared with capillary blood glucose levels
[28]. Therefore, data of tofogliflozin were col-
lected from days 4 to 6 of wearing the FGM
system. On day 7 of wearing the FGM system,
tofogliflozin was replaced with 50 mg ipragli-
flozin administered once after breakfast. To
eliminate any residual tofogliflozin effect, data

Fig. 1 Study protocol. FGM flash glucose monitoring
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on the ipragliflozin effect were collected from
days 11 to 13 of wearing the FGM system, and
the patients were observed for 4 days after
switching to ipragliflozin.

For the ipragliflozin and tofogliflozin group,
the participants received 50 mg ipragliflozin
once after breakfast before tofogliflozin admin-
istration and the aforementioned regimen was
maintained. All antihyperglycemic drugs that
were administered to the patients before par-
ticipation in the study were continued, and
during the FGM period, the doses of insulin
glargine U300 and all antihyperglycemic drugs
except the SGLT2 inhibitors were not changed.

Food intake by the participants in the hos-
pital was 25–30 kcal/ideal body weight/day. The
nutrient ratio was 60% carbohydrate:17% pro-
tein:23% lipid, and the calorie allocation ratio
was 30% breakfast:35% lunch:35% supper. The
participants performed moderate aerobic exer-
cise for 30 min/day.

Outcome Measures

The efficacy and safety of the primary and sec-
ondary endpoints were evaluated based on the
FGM data of 3 consecutive days. The primary
efficacy endpoint was the glucose level 2 h after
each meal [29]. The primary safety endpoint
was TBR level 1 [25]. The secondary endpoints
were TIR, time above the TAR ([180 mg/dl)
[25], 24-h standard deviation (SD) of glycemic
variability [30], 24-h M-value (target glucose
level = 100 mg/dl) [31], mean amplitude of
glycemic excursion (MAGE) [31], mean of daily
difference (MODD) for a 24-h period (average of
the difference in FGM data for days 1–2 and
days 2–3 over 3 consecutive days) [31], 24-h
mean glucose levels, 0000–0600 h mean glucose
levels, preprandial glucose levels at each meal,
TBR level 2 [25], nocturnal TBR (\ 70 mg/dl),
area under the glucose curve (AUC) for diurnal
glycemic variability [32], AUC for glycemic
variability at 0800–2200 h, AUC for glycemic
variability at 2200–0800 h, 24-h urinary glucose
excretion (UGE) [33], 0800–2200 h UGE, and
2200–0800 h UGE.

Statistical Analysis

Data are presented as mean ± SD unless other-
wise specified. Differences between tofogliflozin
and ipragliflozin were evaluated using Student’s
t test [34]. A Pearson product-moment correla-
tion test was used to determine the correlation
coefficient. A two-tailed p\0.05 indicated sig-
nificant differences between treatment means.
An a priori power analysis was performed using
two-tail effect = 0.6, a error = 0.05, and
power = 0.8. These parameters indicated that a
sample size of 24 was sufficient. Data were
analyzed using EZR v. 1.37 (Saitama Medical
Center, Jichi Medical University, Saitama,
Japan) [35].

RESULTS

Participant Characteristics

Table 1 shows the baseline characteristics of the
24 participants randomly assigned to the tofo-
gliflozin and ipragliflozin group and the ipra-
gliflozin and tofogliflozin group. All
participants completed the study (Supplemen-
tary Fig. S1). Their mean age was 63.4 years,
average body mass index (BMI) was 26.6 kg/m2,
mean HbA1c level was 8.3%, and average esti-
mated glomerular filtration rate (eGFR) was
70.1 ml/min/1.73 m2. They presented with mild
renal dysfunction. All other parameters were
similar between the groups. There was no sig-
nificant difference between the groups in terms
of antihyperglycemic drug type and dosage
except for those of the SGLT2 inhibitors (all
p[0.05).

Comparison of Tofogliflozin
and Ipragliflozin Efficacy and Safety

Figure 2 shows the glycemic variability associ-
ated with tofogliflozin and ipragliflozin mea-
sured by FGM for 3 consecutive days during the
treatment period. Postprandial glycemic vari-
ability was low for tofogliflozin treatment, and
nocturnal glycemic variability was low for
ipragliflozin treatment.
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Table 2 shows the glycemic variability
parameters obtained by FGM. The glucose level
2 h after each meal (breakfast, lunch, and sup-
per) was the primary efficacy endpoint in this
study. It was significantly lower in response to
tofogliflozin treatment than to ipragliflozin
treatment (p = 0.020, 0.040, and 0.014 respec-
tively). The TBR level 1 was the primary safety
endpoint. It was significantly lower after tofo-
gliflozin treatment than after ipragliflozin
treatment (p\ 0.001).

The TIR and TAR after tofogliflozin treat-
ment were significantly higher and lower,
respectively, than those after ipragliflozin

treatment (p\0.001 and p = 0.044, respec-
tively). The 24-h SD of glycemic variability and
MAGE after tofogliflozin treatment were signif-
icantly lower than those after ipragliflozin
treatment (p\0.001). However, there was no
significant difference between tofogliflozin and
ipragliflozin treatments in terms of the 24-h
M-value (target glucose level = 100 mg/dl) or
MODD (p[ 0.05). The 24-h mean glucose level
did not significantly differ between the two
treatment groups. Nevertheless, the mean glu-
cose level at 0000–0600 h after ipragliflozin
treatment was significantly lower than that
after tofogliflozin treatment (p = 0.021). There

Table 1 Baseline characteristics of randomized subjects

Overall (n = 24) Tofo/Ipra (n = 12) Ipra/Tofo (n = 12) p-value*

Age (years) 63.4 ± 11.4 64.2 ± 7.6 62.7 ± 14.7 0.756

Duration of diabetes (years) 10.1 ± 7.4 12.0 ± 9.6 8.3 ± 3.8 0.220

Sex, male, n (%) 14 (58.3) 6 (50.0) 8 (66.7) 0.679

BMI (kg/m2) 26.6 ± 6.2 24.9 ± 4.9 28.2 ± 7.0 0.190

HbA1c (%) 8.3 ± 1.2 8.3 ± 1.3 8.3 ± 1.2 0.961

S-CPR (ng/ml) 2.4 ± 1.7 2.3 ± 1.7 2.5 ± 1.7 0.749

eGFR (ml/min/1.73 m2) 70.1 ± 21.5 74.0 ± 21.6 66.2 ± 21.5 0.389

S-albumin (g/dl) 4.0 ± 0.5 4.0 ± 0.4 4.1 ± 0.6 0.468

Insulin glargine U300 (U/day) 13.6 ± 9.2 14.8 ± 11.4 12.3 ± 6.7 0.520

Antihyperglycemic drugs other than SGLT2 inhibitor

DPP4 inhibitor, n 14 8 6 0.679

Metformin, n 13 8 5 0.413

Sulfonylurea, n 2 2 0 0.478

Glinide, n 4 1 3 0.590

a-GI, n 2 1 1 1.000

GLP-1RA, n 2 1 1 1.000

Data are presented as mean ± SD
Tofo tofogliflozin, Ipra ipragliflozin, Tofo/Ipra switching to ipragliflozin after prior administration of tofogliflozin, Ipra/Tofo
switching to tofogliflozin after prior administration of ipragliflozin, BMI body mass index, HbA1c glycated hemoglobin, S-
CPR serum C-peptide immunoreactivity, eGFR estimated glomerular filtration rate, S-albumin serum albumin, SGLT2
sodium-glucose cotransporter 2, DPP4 dipeptidyl peptidase-4, a-GI alpha-glucosidase inhibitor, GLP-1RA glucagon-like
peptide-1 receptor agonists
*Student’s t-test or v2 test used to compare data between the two groups. Insulin glargine U300 and antidiabetic drug
dosages were not changed throughout the study period
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were no significant differences between the
treatments in terms of the preprandial glucose
level of each meal (p[ 0.05). The safety indices
TBR level 2 and nocturnal TBR (\70 mg/dl)
after tofogliflozin treatment were significantly
lower than those after ipragliflozin treatment
(p = 0.001 and p\0.001, respectively). The
efficacy indices AUC for glycemic variability
from 0800 to 2200 h and AUC for glycemic
variability from 2200 to 0800 h did not signifi-
cantly differ between the treatments (p[0.05).
There was no significant difference in the 24-h
UGE between the treatments but the
0800–2200 h UGE after tofogliflozin treatment
was significantly higher than that after ipragli-
flozin treatment (p[0.05 and p = 0.005,
respectively). Conversely, the 2200–0800 h UGE
after ipragliflozin treatment was significantly
higher than that after tofogliflozin treatment
(p\ 0.001).

Correlation Between AUC for Glycemic
Variability and UGE in Patients Treated
with Tofogliflozin and Ipragliflozin

Here, we evaluated factors affecting glycemic
variability. For both tofogliflozin and ipragli-
flozin treatments, there was a significant nega-
tive correlation between the 0800–2200 h AUC
for glycemic variability and the 0800–2200 h
UGE. In contrast, there was no significant cor-
relation between the 2200–0800 h AUC for

glycemic variability and the 2200–0800 h UGE
(Fig. 3). The associations between the afore-
mentioned factors and the changes in serum
albumin level were investigated as the latter
might also influence glycemic variability. For
both tofogliflozin and ipragliflozin treatments,
no significant correlations were observed
between the serum albumin level at 0600 h and
2200–0800 h AUC for glycemic variability or
between the serum albumin level at 0600 h and
2200–0800 h UGE (r = - 0.213/0.401 and
- 0.362/0.066, respectively). Furthermore,
there were no significant correlations between
the serum albumin level at 2100 h and
0800–2200 ho AUC for glycemic variability or
between the serum albumin level at 2100 h and
0800–2200 h UGE (data not shown) (r = 0.051/
0.221 and - 0.168/0.299, respectively).

DISCUSSION

The present study showed that the efficacy and
safety of tofogliflozin were significantly higher
than those of ipragliflozin in patients with
T2DM treated with basal insulin along with oral
agents via insulin glargine U300. The objective
was to achieve preprandial glucose levels of 80
to \110 mg/dl. We made the aforementioned
comparisons using the FGM data. The study was
conducted in a single center using a moderate
sample size.

Suppressing hypoglycemia reduces mortality
[5], whereas reducing glycemic variability low-
ers the incidence of cardiovascular events and
mortality [6]. Thus, it is preferable to select
SGLT2 inhibitors that reduce hypoglycemia and
glycemic variability. The significant differences
between tofogliflozin and ipragliflozin in terms
of their efficacy and safety indices may be
explained by the differences in their half-life,
protein-binding rate, and unaltered SGLT2
inhibitor excretion.

The SGLT2 inhibitors promote urinary glu-
cose excretion and lower blood glucose by
selectively inhibiting SGLT2, which reabsorbs
glucose from the renal proximal tubules. SGLT2
expression may be comparatively elevated in
patients with T2DM. Hence, they present with
augmented renal tubular glucose reabsorption

Fig. 2 Twenty-four hour glycemic variability based on
FGM data, which show mean 3-day glycemic variability in
all 24 patients. The solid and dotted lines show glycemic
variability in patients administered tofogliflozin and
ipragliflozin, respectively
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capacity and elevated glucose excretion thresh-
old and urinary glucose level. In these patients,
the blood glucose level exceeds the glucose
excretion threshold after each meal [36]. SGLT2

inhibitors lower postprandial glucose levels and
reduce glycemic variability.

Here, tofogliflozin lowered the glucose levels
2 h after each meal to a significantly greater
extent than ipragliflozin. Postprandial glucose

Table 2 Flash glucose monitoring parameters of glucose variability in patients administered tofogliflozin or ipragliflozin

Tofogliflozin Ipragliflozin p-value

Time in target glucose range (target range 70–180 mg/dl) (%) 86.1 ± 13.7 74.8 ± 13.7 \ 0.001*

Time above target glucose range (above target level[ 180 mg/dl) (%) 11.8 ± 13.8 16.5 ± 14.4 0.044*

24-h SD (mg/dl) 34.4 ± 11.1 42.3 ± 12.6 \ 0.001*

24-h M value (target glucose level 100 mg/dl) 6.3 ± 5.1 9.3 ± 5.5 0.061

MAGE (mg/dl) 82.4 ± 26.0 99.4 ± 31.7 \ 0.001*

MODD (mg/dl) 23.7 ± 8.9 22.1 ± 6.6 0.486

24-h mean glucose level (mg/dl) 124.9 ± 22.9 128.3 ± 24.0 0.382

0000–0600-h mean glucose level (mg/dl) 96.6 ± 22.5 88.3 ± 20.1 0.021*

Preprandial glucose level at breakfast (mg/dl) 94.0 ± 20.9 88.0 ± 20.0 0.075

Preprandial glucose level at lunch (mg/dl) 124.9 ± 37.2 130.5 ± 31.7 0.337

Preprandial glucose level at supper (mg/dl) 113.3 ± 42.7 109.3 ± 32.2 0.527

Glucose level 2 h after breakfast (mg/dl) 140.8 ± 31.0 155.8 ± 44.2 0.020*

Glucose level 2 h after lunch (mg/dl) 159.7 ± 38.3 174.3 ± 45.5 0.040*

Glucose level 2 h after supper (mg/dl) 159.8 ± 48.9 181.2 ± 54.2 0.014*

Time below target glucose range (below target level\ 70 mg/dl) (%) 2.1 ± 4.4 8.7 ± 11.7 \ 0.001*

Time below target glucose range (below target level\ 54 mg/dl) (%) 0.1 ± 0.5 1.0 ± 2.3 0.001*

Nocturnal time below target glucose (below target level\ 70 mg/dl) (%) 0.9 ± 2.6 5.6 ± 7.7 \ 0.001*

24-h AUC (mg/dl h) 2988.1 ± 547.6 3070.3 ± 573.5 0.381

0800–2200 h AUC (mg/dl h) 1964.3 ± 410.6 2144.6 ± 448.2 0.153

2200–0800 h AUC (mg/dl h) 1068.0 ± 215.0 994.8 ± 212.5 0.242

24-h UGE (g) 55.7 ± 22.2 47.7 ± 13.7 0.138

0800–2200 h UGE (g) 46.9 ± 20.4 32.6 ± 12.0 0.005*

2200–0800 h UGE (g) 8.8 ± 3.0 15.1 ± 3.5 \ 0.001*

0600 h serum albumin (g/dl) 3.8 ± 0.4 3.8 ± 0.4 0.603

2100 h serum albumin (g/dl) 4.1 ± 0.4 4.1 ± 0.5 0.678

Data are presented as mean ± SD
SD standard deviation of glucose level, MAGE mean amplitude of glycemic excursion, MODD mean of daily difference,
AUC area under glucose curve, UGE urinary glucose excretion
*Data were compared using Student’s t-test
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levels mainly affect glycemic variability [37].
The relative differences in the postprandial
glucose level caused by the two SGLT2 inhibi-
tors indicated that tofogliflozin significantly
lowers 24-SD of glycemic variability and MAGE
than ipragliflozin. The protein-binding rate of
tofogliflozin was 83%, whereas that of ipragli-
flozin was between 94.6% and 96.5%. The
excretion rate of unmetabolized tofogliflozin
was 18.1%, whereas that of ipragliflozin was
only 1%. The half-life of tofogliflozin is 5.4 h,
whereas that of ipragliflozin is 15 h [38–40]. In

the blood, these drugs are bound to plasma
proteins such as albumin. SGLT2 inhibitors
affect the renal proximal tubules. SGLT2 is
present even after renal glomerular filtration.
The relatively low protein-binding rate of tofo-
gliflozin indicates that comparatively more
tofogliflozin is filtered through the glomerulus
and reaches the renal tubules. Both SGLT2
inhibitors are metabolized mainly in the liver
but the unmetabolized SGLT2 inhibitors are
filtered in the renal glomeruli and act on the
renal tubules. Therefore, as tofogliflozin has a

Fig. 3 Relationship between the area under the curve
(AUC) for glycemic variability and urinary glucose
excretion (UGE). Relationship between the 0800–2200 h
AUC for glycemic variability and 0800–2200 h UGE or
between 2200–0800 h AUC for glycemic variability and
2200–0800 h UGE shown in the upper and lower rows,
respectively. For both tofogliflozin and ipragliflozin treat-
ments, there was a significant negative correlation between

0800–2200 h AUC for glycemic variability and
0800–2200 h UGE (r = 0.441 and 0.480, respectively).
In contrast, there was no significant correlation between
2200–0800 h AUC for glycemic variability and
2200–0800 h UGE (r = 0.282 and 0.212, respectively).
These associations were analyzed using Pearson’s product
moment correlation coefficient
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low protein-binding rate and a short half-life, its
diurnal filtration through the renal glomerulus
was higher than that of ipragliflozin. Compar-
atively more unchanged tofogliflozin was
excreted and it suppressed postprandial glucose
levels. SGLT2 inhibitors suppress glycemic
variability by reducing the postprandial glucose
level. However, the 0800–2200 h AUC for gly-
cemic variability and 0800–2200 h UGE were
significantly negatively correlated for both
tofogliflozin and ipragliflozin. Contrarily, there
was no significant correlation between the
2200–0800 h AUC for glycemic variability and
2200–0800 h UGE. This result can be attributed
to the direct pharmacologic action of SGLT2
inhibitors. We found no significant correlations
between the serum albumin level and AUC for
glycemic variability or UGE. Numerous drugs
bind to plasma proteins such as albumin. When
they are released from the protein, they exert
their effects. Hence, we predicted that the rela-
tive differences in protein binding between
tofogliflozin and ipragliflozin influence their
hypoglycemic effects. However, the amount of
albumin is considerably higher than that of the
drug itself. The concentration of drug released
from the protein increased at the serum albu-
min level of B 3.5 g/dl. The increase was espe-
cially significant at B 3.0 g/dl [41]. Here, the
serum albumin levels were not low. Thus, there
was no apparent correlation between the
hypoglycemic effects of the drug and serum
albumin level. Nevertheless, SGLT2 inhibitors
might be potentiated under hypoalbuminemia
caused by nephrotic syndrome or cirrhosis.

There was no significant difference between
tofogliflozin and ipragliflozin in terms of 24-h
UGE. Contrarily, the 0800–2200 h UGE was
significantly higher in response to tofogliflozin
than to ipragliflozin administration. Con-
versely, the 2200–0800 h UGE after ipragliflozin
administration was significantly higher than
that after tofogliflozin administration. This
discrepancy can be attributed to the difference
between these two drugs in terms of half-life.
The half-life of tofogliflozin is 5.4 h, whereas
that of ipragliflozin is 15–16 h [38–40]. There-
fore, when tofogliflozin is administered in the
morning, it induces a stronger diurnal UGE
effect than ipragliflozin, and this response

decreases at night. In contrast, as ipragliflozin
has a long half-life, its influence on diurnal
urinary glucose excretion is weaker than that of
tofogliflozin, but the effect of the former con-
tinues until night [42]. The wide difference in
the half-life between tofogliflozin and ipragli-
flozin caused a significant difference between
the incidence of the safety assessment index
TBR level 1 (especially nocturnal) and that of
the safety assessment index TBR level 2. We
used insulin glargine U300 to titrate preprandial
glucose level at breakfast to between 80 and
\110 mg/dl. The preprandial glucose level did
not significantly differ between the tofogliflozin
and ipragliflozin treatments. However, TBR
level 1 was significantly higher for ipragliflozin
(8.7% ± 11.7%) than for tofogliflozin, and it
manifested mainly as nocturnal (0000–0600 h)
hypoglycemia (5.6% ± 7.7%). We previously
reported that insulin glargine U300 is relatively
less likely to induce nocturnal hypoglycemia
[27]. There were significant differences between
tofogliflozin and ipragliflozin in terms of noc-
turnal hypoglycemia induction risk because of
the differences in their pharmacokinetics (half-
life). Nocturnal hypoglycemia attenuates sym-
pathetic nerve conduction, triggers brad-
yarrhythmia, and increases cardiovascular
disease risk [43]. Therefore, tofogliflozin may be
comparatively safer than ipragliflozin as the
former is less likely to cause nocturnal
hypoglycemia.

The target HbA1c level recommended to
prevent diabetes-related complications varies
with patients’ heath status, age, and social his-
tory [44]. As the HbA1c level reflects the average
glucose level over 2–3 months, it is difficult to
evaluate diurnal glycemic variability. Contrar-
ily, FGM reveals glycemic variability in real time
and indicates the frequency and severity of
hypoglycemia and hyperglycemia under the
current treatment. Thus, FGM may prove effi-
cacious in diabetes therapy as it compensates
for insufficient HbA1c level. Here, tofogliflozin
and ipragliflozin achieved [70% of the rec-
ommended target TIR range in patients with
T2DM who were neither elderly nor at a high
risk. However, in terms of TBR level 1 and 2
hypoglycemia, ipragliflozin did not achieve the
target ranges of \ 4% and \1%, respectively.
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Ipragliflozin is more likely to cause nocturnal
hypoglycemia than tofogliflozin [45]. For this
reason, tofogliflozin administration may be
preferable for patients at a high risk of
hypoglycemia.

There were some limitations to this study.
This was a crossover study, with a small sample
size. Furthermore, the study was conducted in a
single center. Thus, the sample size must be
increased over 100 patients and the study must
be conducted in more than 10 centers using a
common protocol to verify whether the results
obtained here are realistic. Moreover, the dura-
tion of the study was short. To evaluate long-
term efficacy and safety, an extended crossover
study for [ 1 year should be conducted and
FGM should be examined during each drug
administration period. In this manner, it will be
possible to establish whether the suppression of
glycemic variability and hypoglycemia can
effectively mitigate diabetes-related complica-
tions and attenuate cardiovascular events.
Finally, as the aim of this study was to evaluate
the efficacy and safety of SGLT2 inhibitors, the
selection criteria were normal-to-moderate
renal dysfunction for which SGLT2 inhibitors
were effective. However, as the risk of cardio-
vascular disease is higher in patients with more
advanced renal dysfunction, it remains unclear
whether SGLT2 inhibitors can reduce the risk of
cardiovascular diseases in such patients.

CONCLUSION

In conclusion, data collected by FGM in
patients with T2DM treated with insulin glar-
gine U300 demonstrated that tofogliflozin was
more effective and safer than ipragliflozin in
reducing diurnal glycemic variability and low-
ering the risk of nocturnal hypoglycemia.
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