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ABSTRACT

Introduction: The efficacy of administering a
sodium–glucose cotransporter 2 inhibitor dur-
ing insulin therapy has not been established. In
this study, we examined its effects based on
diurnal glycemic patterns using continuous
glucose monitoring (CGM).
Methods: The subjects were 15 patients who
had received insulin therapy for 1 year or more.
A CGM device was attached to all subjects for
1 week. The administration of canagliflozin at
100 mg was started 4 days after attachment. The
mean glucose concentrations, standard devia-
tion (SD), mean amplitude of glycemic excur-
sions (MAGE), mean of daily difference of blood
glucose (MODD), and area under the curve
(AUC) (C180, \70 mg h/dL) after the start of
administration were compared with the pre-
treatment values. In addition, we compared

changes in the number of insulin units between
basal and bolus insulin. Furthermore, we
investigated the influence of canagliflozin on
oxidative stress markers and cytokines using
8-hydroxy-20-deoxyguanosine (8-OHdG), tumor
necrosis factor-a (TNF-a), and adiponectin as
parameters.
Results: The mean glucose concentrations
decreased from 161.1 to 139.1 mg/dL (P\0.01).
The SD decreased from 36.5 to 29.6 mg/dL
(P = 0.05). The MAGE decreased from 89.2 to
77.4 mg/dL (P\0.01), and the MODD
decreased from 34.3 to 25.5 mg/dL (P\0.05).
All parameters showed significant improve-
ments in diurnal changes. AUC of C180, i.e., the
total area of blood glucose levels at or above 180
on the blood glucose curve of CGM, decreased
from 339.1 to 113.6 mg/dL (P\0.05). AUC of
\70, i.e., the total area of blood glucose levels
below 70 on the blood glucose curve of CGM,
slightly decreased from 1.6 to 0.3 mg/dL
(P = 0.08). The total number of basal insulin
units decreased from 128 to 76, and that of
bolus insulin decreased from 266 to 154; the
dose of insulin could be markedly decreased. In
addition, the mean 8-OHdG level decreased
from 11.4 to 10.8 ng/mg Cre (P\0.05), and the
mean TNF-a level decreased from 2.31 to
1.79 pg/mL (P = 0.10). The mean adiponectin
level increased from 5.01 to 5.53 lg/mL
(P\0.05).
Conclusion: Canagliflozin improved blood
glucose changes in type 2 diabetes using
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insulin. In addition, the results suggest its
antioxidant actions.
Trial Registration: University Hospital Medical
Information Network (UMIN no. 000019429).

Keywords: Canagliflozin; CGM (continuous
glucose monitoring); Diurnal glycemic pattern;
Type 2 diabetes; SGLT2 inhibitor

INTRODUCTION

The action mechanism of sodium–glucose
cotransporter 2 (SGLT2) inhibitors differs from
insulin secretion, and they may exhibit blood
glucose-lowering effects even in patients with
unfavorable blood glucose control during insu-
lin therapy. However, few studies have exam-
ined the additional effects of SGLT2 inhibitors
during insulin therapy [1–3]. Furthermore, only
two studies investigated diurnal changes using
continuous glucose monitoring (CGM) [4, 5].
SGLT2 inhibitors are effective in non-respon-
ders to conventional treatment or patients
wishing to avoid weight gain because
monotherapy with an SGLT2 inhibitor does not
induce hypoglycemia [6] and these drugs
decrease the body weight [7]. Therefore, the
additional administration of SGLT2 inhibitors
may potentiate treatment with hypoglycemia
avoidance, making it possible to decrease the
dose of insulin. In this study, we examined
whether the additional administration of
SGLT2 inhibitors during insulin therapy
improves blood glucose dynamics without
increasing the body weight or incidence of
hypoglycemia using CGM. In addition, we
investigated the influence of SGLT2 inhibitors
on oxidative stress markers and cytokines.

METHODS

Subjects

The subjects were 15 patients with type 2 dia-
betes who had received insulin therapy for
1 year or longer, with a hemoglobin A1c
(HbA1c) value of greater than 7.5%. The mean
age was 52.9 ± 14.4 years. The mean duration of

diabetes was 6.6 ± 6.7 years. The mean duration
of insulin therapy was 1.3 ± 2.6 years. The
mean HbA1c value was 10.5% (91 mmol/mol).
The mean body mass index (BMI) was
28.8 ± 4.5 kg/m2. Further information about
the study population is provided in Table 1. The
study protocol was approved by the Ethical
Committee of Dokkyo Medical University (no.
26100). The trial was registered with the
University Hospital Medical Information Net-
work (UMIN no. 000019429). All procedures
followed were in accordance with the ethical
standards of the responsible committee on
human experimentation (institutional and
national) and with the Helsinki Declaration of
1964, as revised in 2013. Informed consent was
obtained from all patients for being included in
the study.

Table 1 Clinical characteristic of the subjects

Number (male/female) 15 (10/5)

Age (years) 52.9 ± 14.4

Body mass index (kg/m2) 28.8 ± 4.5

Body weight (kg) 75.4 ± 15.4

Diabetic duration (years) 6.6 ± 6.7

Insulin therapy duration (years) 1.3 ± 2.6

HbA1c (%) 10.5 ± 2.5

eGFR (mL/min/1.73 m2) 91.6 ± 2.5

Insulin dose (IU/day) 26.3 ± 16.0

Insulin therapy, n (%)

Basal plus bolus 10 (66.7)

Basal alone 1 (6.6)

Bolus alone 4 (26.7)

Glucose-lowering therapies, n (%)

Metformin 2 (13.3)

Sulfonylureas 1 (6.6)

Dipeptidyl peptidase-4 inhibitors 3 (20.0)

Glucagon-like peptide-1 agonists 1 (6.6)

Date are mean ± SD
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Study Design

This study was conducted in all cases after
hospitalization. During hospitalization, the
patients were on a calorie-restricted diet. The
calorie-restricted diet was based on ideal body
weight: [height (m)]2 9 22 (kg/m2) 9 25 (kcal/
kg/day). This is a standard diet for Japanese
diabetic patients. Nutritional components are
50–60% carbohydrate, 20–30% lipid, and 20%
protein, every day [8]. This study was conducted
after taking this calorie-restricted diet for 1 week
or longer. The calorie intake remained the same
from hospitalization until the end of this study.
First, a CGM device (iPro2; Medtronic MiniMed,
Inc.) was attached for a week. The day of CGM
device attachment was regarded as day 1. On
day 7, the device was removed. On day 4, the
administration of canagliflozin at 100 mg was
started. Besides canagliflozin, no drug was
added or discontinued within this week.

The mean daily glucose concentration and
standard deviation (SD) were calculated
between days 1 and 7. In addition, we calcu-
lated the mean amplitude of glycemic excur-
sions (MAGE), mean of daily difference of blood
glucose (MODD), and area under the curve
(AUC) (glucose concentrations C180,\70). The
MAGE (mg/dL) was calculated by averaging the
difference between the peak and low blood
glucose levels only when the blood glucose level
changed by 1 SD or more [9]. The MODD (mg/
dL) was determined by averaging the absolute
value of the difference in blood glucose levels at
the same time for 2 days [10]. An AUC C180
(mg h/dL) is the total area of blood glucose
levels at or above 180 on the blood glucose
curve of CGM. An AUC\70 (mg h/dL) is the
total area of blood glucose levels below 70 on
the blood glucose curve of CGM. The MAGE
and AUC were calculated every day from day 1
until day 7. Differences in the MODD between
2 days (between days 1 and 2, days 2 and 3, days
4 and 5, days 5 and 6, and days 6 and 7) were
calculated.

Furthermore, the number of insulin units
was compared between days 1 and 7. In the
present study, insulin was administered as a
basal-bolus regimen in 10 patients, as a basal
regimen in one patient, and as a bolus regimen

in four patients. Therefore, we divided the total
amount of insulin into basal and bolus regi-
mens to calculate changes for these regimens.

In addition, the 8-hydroxy-20-deoxyguanosine
(8-OHdG), tumor necrosis factor-a (TNF-a), and
adiponectin levels were compared between days 1
and 7. These cytokines were measured at 3 h after
breakfast and at 30 min after bed rest.

For all cases, blood C-peptide levels (CPR:
C-peptide immunoreactivity) were measured
before breakfast on days 1 and 7, and CPR
indexes (CPR (ng/mL)/fasting glucose (mg/
dL) 9 100) were calculated.

Statistical Analysis

The results are presented as the mean ± stan-
dard deviation (SD). Differences between
continuous variables were analyzed by paired
t test or Wilcoxon’s matched pairs test. P val-
ues less than 0.05 were considered significant.
All data were analyzed with JMP7 Japanese
version analytic software (SAS Japan, Tokyo,
Japan).

RESULTS

As a CGM device facilitates blood glucose mea-
surement at 5-min intervals, 288 values per day
were obtained. For all subjects, 288 sessions/day
of blood glucose measurements could be per-
formed from day 1 until day 7.

Glycemic Control

The graph shows the mean glucose concentra-
tions obtained on CGM. The table shows the
mean daily blood glucose level, SD, MAGE,
MODD, and AUC (C180, \70). These parame-
ters decreased from day 4. In addition, the data
were compared between days 1 and 7. The SD,
MAGE, MODD, and AUC (C180) significantly
decreased (Fig. 1).

Dose of Insulin

We compared the number of insulin units per
day between days 1 and 7. It decreased from 354
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to 230 units. The number of basal insulin units
markedly decreased from 128 to 76, and that of
bolus insulin decreased from 266 to 154 units
(Fig. 2).

Oxidative Stress Markers

Between days 1 and 7, the 8-OHdG level sig-
nificantly decreased, the TNF-a level slightly
decreased, and the adiponectin level signifi-
cantly increased (Fig. 3).

Function of b Cells

The blood C-peptide levels showed no signifi-
cant change between days 1 and 7 (1.64 and
1.61 ng/mL, respectively). In addition, the CPR
indexes were not significantly different (1.30
and 1.46, respectively).

Safety

The bodyweight significantly decreased from 76.8
to75.4 kg. TheBMIalso significantly reduced from
28.5 to 28.2 kg/m2. During the study period, there
were no hypoglycemic episodes. In addition, there
were no adverse reactions to canagliflozin.

DISCUSSION

In this study, canagliflozin was additionally
administered to patients with type 2 diabetes in
whom blood glucose control by insulin therapy
was unfavorable, and the blood glucose level
rapidly decreased. Furthermore, the use of CGM
facilitated the verification of an improvement
in diurnal changes. During the observation
period, there was no hypoglycemia (severe
hypoglycemia), ketoacidosis, or frequent urina-
tion at night. The safety and effectiveness of the
long-term (52-week) administration of canagli-
flozin have already been reported [11]. How-
ever, since this study involved a short (1-week)
observation period, other medications and
calorie intake levels were not changed in order
to eliminate their effects.

In patients receiving insulin therapy, subcu-
taneously absorbed insulin primarily transfers
into peripheral blood. As a primary issue for this
therapy, glucose uptake in peripheral tissue,
especially adipose tissue, exceeds that in the
liver; weight gain is marked. Therefore, combi-
nation therapy with SGLT2 inhibitors is useful

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Canagliflozin 100mg

Glucose(mean) 176.4 154.9 151.9 139.9 138.1 139 139.5
Glucose(SD) 38.1 39.3 32.9 29 30.6 30.2 28.7

MAGE 82.1 99.4 86 79.9 75.4 73.4 70.8
MODD 39.3 29.3 25.7 25.2 25.5

AUC>180 600.5 247.1 169.8 93.8 133.7 123.6 103.2
AUC<70 2.1 2.1 0.5 0.3 0 1.05 0

P<0.05 vs Day1

AUC≥180
AUC<70

Fig. 1 Graphs show the mean glucose concentration of all
subjects obtained on CGM. The table shows the mean
daily glucose concentrations, SD, MAGE, MODD and
area under the curve (blood glucose: C180,\70)
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Fig. 2 The total amount of insulin in all patients was
divided into basal and bolus regimens to show changes
from days 1 to 7. The number of basal insulin units
decreased from 128 to 76 and that of bolus insulin from
266 to 154
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in insulin-receiving patients whose body weight
tends to increase.

However, SGLT2 inhibitors exhibit blood glu-
cose-lowering effects from the first day of admin-
istration.Therefore, topreventhypoglycemia, the
dose of insulin should be rapidly decreased from
the start of SGLT2 inhibitor administration. Fur-
thermore, in this study, the number of insulin
units could be markedly reduced, suggesting the
blood glucose-lowering effects of canagliflozin
coveradecrease in thedoseof insulin. Inaddition,
it was considered to be cost-effective [12].

The antioxidant effects of SGLT2 inhibitors
may involve weight loss-related anti-inflamma-
tory effects [7, 13, 14], blood pressure-lowering
actions [15, 16], an improvement in the lipid
profile [15], and a decrease in the uric acid level
[16, 17]. Thus, the favorable effects of SGLT2
inhibitors other than blood glucose-reducing
actions are consistent with recent diabetes
treatment emphasizing not only blood glucose
control but also comprehensive risk manage-
ment. A meta-analysis of SGLT2 inhibitors,
including canagliflozin, already demonstrated
renoprotective effects [18]. Thus, SGLT2 inhi-
bitors, including canagliflozin, may be applied
as agents targeting all lifestyle-related diseases,
but not solely as blood glucose-lowering agents.

The appearance of non-insulin-dependent
SGLT2 inhibitors with a new action

mechanism may increase the number of
options for drug therapy, further advancing
diabetes care. SGLT2 inhibitors are available
for several procedures: monotherapy to com-
bination therapy with other oral blood-glu-
cose-lowering agents or insulin. Therefore,
they can be selected for patients with differing
background factors.

The additional administration of SGLT2
inhibitors to type 2 diabetes patients receiving
insulin improved diurnal changes in the blood
glucose level, decreasing the dose of insulin,
suggesting that these agents are effective for
insulin-related weight gain.

CONCLUSION

Canagliflozin improved blood glucose changes
in type 2 diabetes patients using insulin. In
addition, the results suggest its antioxidant
effects. It may be useful as a second-choice drug
for type 2 diabetes patients using insulin.
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