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Effects of luseogliflozin, a sodium–glucose co-transporter 2
inhibitor, on 24-h glucose variability assessed by continuous
glucose monitoring in Japanese patients with type 2 diabetes
mellitus: a randomized, double-blind, placebo-controlled,
crossover study

The aim of the present study was to determine the effects of luseogliflozin on 24-h glucose levels, assessed by continuous glucose monitoring, and on
pharmacodynamic variables measured throughout the day. In this double-blind, placebo-controlled, crossover study, 37 patients with type 2 diabetes
mellitus inadequately controlled with diet and exercise were randomized into two groups. Patients in each group first received luseogliflozin then placebo
for 7 days each, or vice versa. After 7 days of treatment, the mean 24-h glucose level was significantly lower with luseogliflozin than with placebo [mean
(95% confidence interval) 145.9 (134.4–157.5) mg/dl vs 168.5 (156.9–180.0) mg/dl; p< 0.001]. The proportion of time spent with glucose levels ≥70
to ≤180 mg/dl was significantly greater with luseogliflozin than with placebo [median (interquartile range) 83.2 (67.7–96.5)% vs 71.9 (46.9–83.3)%;
p< 0.001] without inducing hypoglycaemia. The decrease in glucose levels was accompanied by reductions in serum insulin levels throughout
the day.
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Introduction
Luseogliflozin is a sodium–glucose co-transporter 2 (SGLT2)
inhibitor that was recently approved in Japan for the treat-
ment of type 2 diabetes mellitus (T2DM) [1]. In a recent phase
III study, luseogliflozin monotherapy significantly reduced gly-
cated haemoglobin (HbA1c) and body weight with a low
risk of hypoglycaemia over 24 weeks of treatment in Japanese
patients with T2DM [2]. Few studies have examined the effect
of SGLT2 inhibitors on 24-h glycaemic variability or the risk
of asymptomatic hypoglycaemia [3]. Moreover, no studies have
described the effects of SGLT2 inhibitors on the changes in
serum insulin or plasma glucagon concentrations throughout
the day; these data are important in terms of understanding
the effects of these drugs on pancreatic 𝛼 and 𝛽 cells [4,5]. We
conducted a randomized, double-blind, placebo-controlled,
crossover study to evaluate 24-h glucose variability, as mea-
sured by continuous glucose monitoring (CGM), and the phar-
macodynamics of 2.5 mg luseogliflozin administered once daily
for 7 days in Japanese patients with T2DM.
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Methods
In this double-blind, placebo-controlled, crossover study,
Japanese patients with T2DM inadequately controlled with
diet and exercise (HbA1c 7.0–10.0%) were randomized into
two groups. The patients in these groups received luseogliflozin
followed by placebo for 7 days each (L/P group), or vice versa
(P/L group). Each treatment period was separated by a washout
period of 7–14 days. Patients were hospitalized on day 7 and
consumed a standardized meal (536 kcal, with ∼20% pro-
tein, 25% fat and 55% carbohydrate) at breakfast, lunch and
dinner.

The primary endpoints were indices derived from CGM
measured on day 7. Glucose concentrations are presented in
mg/dl (1 mg/dL= 0.0556 mmol/L). Other efficacy endpoints
were pharmacodynamic variables, including serum insulin,
plasma glucagon and urinary glucose excretion. Pharmacody-
namic variables were measured at 0 (before drug administra-
tion), 1, 2, 5 (before lunch), 6, 7, 11 (before dinner), 12, 13,
15 (before bedtime) and 24 h on day 7. Major safety variables
were adverse events (AEs), adverse drug reactions, abnormal
or unexpected changes in laboratory test values, body weight,
vital signs and 12-lead ECG.

Written informed consent was obtained from all patients
before enrolment. The study was approved by the institutional
review board of each centre and was conducted in accordance
with the ethical principles of the Declaration of Helsinki. The
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Figure 1. (A) Twenty-four-hour plasma glucose levels, as measured by continuous glucose monitoring after 7 days of once-daily administration of 2.5 mg
luseogliflozin or placebo. Values are means± standard deviation (s.d.). Glucose: 1 mg/dl= 0.0556 mmol/l. (B) Twenty-four-hour serum insulin levels
after 7 days of once-daily administration of 2.5 mg luseogliflozin or placebo. Values are means± s.d. *p< 0.05 for luseogliflozin versus placebo. Insulin:
1 μU/ml= 6.945 pmol/l. (C) Twenty-four-hour plasma glucagon levels after 7 days of once-daily administration of 2.5 mg luseogliflozin or placebo. Values
are means± s.d. *p< 0.05 for luseogliflozin versus placebo. Glucagon: 1 pg/ml= 1 ng/l. (D) Cumulative urinary glucose excretion after 7 days of once-daily
administration of 2.5 mg luseogliflozin or placebo. Values are means± s.d. *p< 0.05 for luseogliflozin versus placebo.
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study was registered with the Japan Pharmaceutical Informa-
tion Centre (identifier: JapicCTI-142548).

Statistical analyses included calculation of least-squares
mean differences between placebo and luseogliflozin with 95%
confidence intervals, which were estimated for each variable in
the mixed-effects model. Non-normally distributed variables
were analysed using the paired non-parametric Wilcoxon test.
The median and interquartile range were estimated for each
variable using the Wilcoxon test.

Results
Participants and Baseline Demographics

A total of 37 patients were randomly allocated to either the L/P
group or the P/L group, of whom 35 completed the study. Base-
line demographics were similar between the groups (Table S1).
The safety and the pharmacodynamics analysis set were iden-
tical, and both included all 37 allocated patients. Data for 3
patients who did not complete the 24-h CGM were excluded
from all pharmacodynamic analyses.

Pharmacodynamics

The variations in 24-h glucose levels measured by CGM after
7 days of treatment with luseogliflozin and placebo are shown
in Figure 1 and the CGM-derived indices are shown in Table 1.
The glucose levels were consistently lower with luseogliflozin

than with placebo throughout the day. The mean 24-h glucose
level and the proportion of time with a glucose level≥181 mg/dl
over 24 h were significantly lower with luseogliflozin than
with placebo (both p< 0.001; Figure S1). The area over the
curve and the proportion of time spent during the 24 h with
a glucose level <70 mg/dl were 0 mg/dl·h and 0%, respec-
tively, with both treatments. Although the M-value was sig-
nificantly lower with luseogliflozin, there was no difference in
the standard deviation around the mean glucose concentration
or mean amplitude of glycaemic excursion values between the
two treatments.

In all periods, luseogliflozin significantly increased cumu-
lative urinary glucose excretion compared with placebo (all
p< 0.05; Figure 1, Table S2).

The serum insulin and plasma glucagon levels on day 7
in each treatment period are shown in Figure 1. Pharma-
codynamic variables [serum insulin, plasma glucagon and
ketone bodies (acetoacetic acid and 𝛽-hydroxybutanoic
acid)] are summarized in Table S2. Serum insulin lev-
els were lower throughout the 24-h measurement period
with luseogliflozin than with placebo, and the area under
the curve (AUC) over 24 h was significantly smaller with
luseogliflozin than with placebo (p< 0.001). Plasma glucagon
levels were higher throughout the 24-h measurement period
with luseogliflozin than with placebo. The serum ketone body
levels were higher throughout the day with luseogliflozin than
with placebo. The serum ketone body levels decreased after

Table 1. Twenty-four-hour glucose variables.

Variable n Placebo Luseogliflozin Difference vs placebo p

Normally distributed variables
24-h mean glucose level, mg/dl 34 168.5 (156.9, 180.0) 145.9 (134.4, 157.5) −22.5 (−28.2, −16.8) <0.001
SD over 24 h, mg/dl 34 37.1 (32.8, 41.4) 35.3 (31.0, 39.6) −1.8 (−5.5, 1.9) 0.330
AUC for glycaemic variability, mg/dl·h

Throughout the day (0–24 h) 34 4031.9 (3755.7, 4308.1) 3492.6 (3216.4, 3768.8) −539.3 (−675.9, −402.7) <0.001
After breakfast (0–5 h) 34 959.8 (890.2, 1029.4) 813.8 (744.2, 883.3) −146.0 (−183.9, −108.1) <0.001
After lunch (5–11 h) 34 1034.8 (949.5, 1120.1) 905.8 (820.6, 991.1) −129.0 (−176.2, −81.8) <0.001
After dinner (11–15 h) 34 789.0 (729.7, 848.3) 696.7 (637.4, 756.0) −92.3 (−128.6, −56.0) <0.001
Sleeping period (15–24 h) 34 1248.3 (1174.1, 1322.6) 1076.3 (1002.1, 1150.6) −172.0 (−215.6, −128.4) <0.001

Peak glucose level, mg/dl
Throughout the day, 0–24 h 34 249.4 (231.7, 267.1) 226.3 (208.6, 243.9) −23.1 (−35.6, −10.7) 0.001
After breakfast, 0–5 h 34 244.9 (227.6, 262.1) 218.9 (201.7, 236.2) −25.9 (−39.1, −12.7) <0.001
After lunch, 5–11 h 34 221.2 (204.3, 238.2) 199.4 (182.5, 216.4) −21.8 (−33.4, −10.2) 0.001
After dinner, 15–24 h 34 230.2 (213.4, 247.0) 206.7 (190.0, 223.5) −23.5 (−35.2, −11.8) <0.001

Lowest glucose level, mg/dl 34 114.8 (106.9, 122.6) 95.0 (87.1, 102.8) −19.8 (−26.4, −13.2) <0.001
Mean amplitude of glycaemic excursions, mg/dl 34 92.6 (82.1, 103.2) 90.7 (80.2, 101.3) −1.9 (−12.6, 8.8) 0.719
Non-normally distributed variables
Proportion of time over 24 h with glucose levels in the following ranges, %

≥181 mg/dl 34 28.1 (16.7, 53.1) 16.3 (2.8, 32.3) −14.8 (−20.1, −3.8) <0.001
≥70 to ≤180 mg/dl 34 71.9 (46.9, 83.3) 83.2 (67.7, 96.5) 14.4 (1.4, 20.1) <0.001
<70 mg/dl 34 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.125

AUC for glucose levels ≥181 mg/dl, mg/dl·h 34 149.2 (66.9, 561.7) 80.2 (1.5, 209.0) −77.3 (−308.5, −6.4) <0.001
AOC for glucose levels <70 mg/dl, mg/dl·h 34 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.125
M-value 34 12.5 (6.2, 27.5) 6.9 (3.1, 13.9) −5.1 (−12.9, −1.8) <0.001

Values are derived from 24-h continuous glucose monitoring performed after 7 days of once-daily administration of 2.5 mg luseogliflozin or placebo.
Normally distributed variables are presented as means and 95% confidence intervals, and the differences between the two treatments were analysed using a
mixed-effects model. Non-normally distributed variables are presented as medians (interquartile range), and differences between the two treatments were
determined using the paired Wilcoxon test. Data are shown for the pharmacodynamic analysis set. Glucose: 1 mg/dl= 0.0556 mmol/l. AOC, area over the
curve; AUC, area under the curve; SD, standard deviation around the mean glucose concentration.
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each meal during the luseogliflozin administration period
(Figure S2).

Safety

Nine AEs occurred in 6 patients during administration of
luseogliflozin, and 11 AEs occurred in 7 patients during admin-
istration of placebo (Table S3). One patient died from malignant
lymphoma, which was judged to be unrelated to the study drug
because relevant clinical variables were elevated before taking
the study drug. All of the other AEs were mild in severity and
there were no serious AEs leading to study discontinuation. No
episodes of hypoglycaemia were reported. Table S4 shows the
clinical laboratory variables and Table S5 shows urine volume
and water intake.

Discussion
In the present study, luseogliflozin increased cumulative
urinary glucose excretion and lowered glucose levels at all
measured time points over the 24-h period, and significantly
reduced the AUCs for glucose compared with placebo. These
results indicate that once-daily administration of luseogliflozin
reduces glucose levels throughout the day, including overnight.
Moreover, luseogliflozin reduced the peak glucose levels, low-
est glucose levels and 24-h mean glucose levels almost equally.
The mean amplitude of glycaemic excursions value was not
significantly different between the two treatments. It seems
that luseogliflozin caused a downward shift in the 24-h glucose
profile by reducing fasting and postprandial glucose levels;
however, as variable responses in FPG and PPG have been
observed with luseogliflozin in other clinical trials in Japanese
patients with T2DM [2,6,7], further CGM studies of SGLT2
inhibitors in patients with T2DM are necessary to clarify the
effects of SGLT2 inhibitors on mean amplitude of glycaemic
excursions. The present results also indicate that luseogliflozin
monotherapy is associated with a low risk of hypoglycaemia
because the proportion of time spent with glucose levels of
70–180 mg/dl was increased without an increase in the propor-
tion of time spent with glucose levels <70 mg/dl. Furthermore,
no episodes of hypoglycaemia were observed in this study.
Notably, the reduction in glucose levels was accompanied by
reductions in serum insulin levels throughout the day, and
the AUCs for serum insulin were significantly lower with
luseogliflozin than with placebo. As we observed in previous
clinical pharmacology studies [8], luseogliflozin inhibited
glucose reuptake via the renal proximal tubules, increased
urinary glucose excretion, decreased glucose levels, and
reduced insulin requirements [9,10]; therefore, luseogliflozin
has a potential advantage over other therapies because it
may improve glucose levels and reduce insulin secretion. The
reduction in the insulin requirement in luseogliflozin-treated
patients suggests that it may be possible to reduce the insulin
doses in patients who need insulin therapy when using
luseogliflozin.

In conclusion, the 24-h glucose levels, measured by CGM,
and pharmacodynamic variables throughout the day in
the present study indicate that luseogliflozin could lead to

favourable improvements in glycaemic control without induc-
ing hypoglycaemia or increasing the burden on pancreatic
𝛽 cells, and that luseogliflozin could be a valuable treatment
option for T2DM.
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Supporting Information
Additional Supporting Information may be found in the online
version of this article:

Figure S1. Proportion of time over 24 h with glucose levels
≥181, ≥70 to ≤180 or <70 mg/dl, as measured by continuous
glucose monitoring.

Figure S2. Twenty-four-hour serum acetoacetic acid (A)
and serum 𝛽-hydroxybutanoic acid (B) levels after 7 days of
once-daily administration of 2.5 mg luseogliflozin or placebo.

Table S1. Patient characteristics.
Table S2. Pharmacodynamic variables.
Table S3. Summary of adverse events.
Table S4. Clinical laboratory variables.
Table S5. Urine volume and water intake on day 7.
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