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Abstract. Sodium-glucose cotransporter 2 inhibitors (SGLT2is) are well-established means of improving glycemia and
preventing cardio-renal events in patients with type 2 diabetes. However, their efficacy and safety have yet to be fully
characterized in patients with type 1 diabetes (T1D). We studied patients with T1D who regularly attended one of five
diabetes centers and treated with an SGLT2i (ipragliflozin or dapagliflozin) for >52 weeks, and the changes in HbA1c, body
mass, insulin dose, and laboratory data were retrospectively evaluated and adverse events (AEs) recorded during December
2018 to April 2021. A total of 216 patients with T1D were enrolled during the period. Of these, 42 were excluded owing to
short treatment periods and 15 discontinued their SGLT2i. The mean changes in glycated hemoglobin (HbA1c), body mass,
and insulin dose were –0.4%, –2.1 kg, and –9.0%, respectively. The change in HbA1c was closely associated with the baseline
HbA1c (p < 0.001), but not with the baseline body mass or renal function. The basal and bolus insulin doses decreased by
18.2% and 12.6%, respectively, in participants with a baseline HbA1c <8%. The most frequent AE was genital infection
(2.8%), followed by diabetic ketoacidosis (DKA; 1.4%). None of the participants experienced severe hypoglycemic events. In
conclusion, the administration of an SGLT2i in addition to intensive insulin treatment in patients with T1D improves glycemic
control and body mass, without increasing the incidence of hypoglycemia or DKA.
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PATIENTS with type 1 diabetes (T1D) require lifelong
insulin therapy to sustain life and to minimize the risk of
hyperglycemic events, such as diabetic ketoacidosis
(DKA). Intensive insulin therapy for good glycemic con‐
trol reduces the risks of the development and progression
of complications [1]. However, strict glycemic control is
strongly associated with hypoglycemia and weight gain.
In particular, the frequency of severe hypoglycemia is
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high in patients with T1D. However, less than one-third
of patients with T1D achieve their glycemic targets
because of substantial glycemic variability caused by
lower insulin secretion [2, 3]. Therefore, new adjunctive
therapies are required to improve glycemic control in
patients with T1D without inducing hypoglycemia.

Sodium-glucose cotransporter 2 inhibitors (SGLT2is)
improve glycemic control by reducing glycemic variabi‐
lity and decrease body mass by increasing urinary glucose
excretion [4, 5]. SGLT2is are recommended for those
with type 2 diabetes (T2D) who are at high risk of
cardiovascular disease, heart failure, or chronic kidney
disease because consistent substantial benefits have been
demonstrated in large-scale intervention studies [6].
Because the hypoglycemic effect of SGLT2is depends on



urinary glucose excretion and, in turn, on blood glucose
concentration and renal function, similar blood glucose
and weight-reducing effects are also expected in patients
with T1D [7, 8].

A meta-analysis of seven phase 2 or 3 clinical trials
that compared the efficacy and safety of SGLT2is in
patients with T1D showed that these drugs significantly
reduced glycated hemoglobin (HbA1c) by 0.37% and
body mass by 2.54 kg versus placebo, without increas‐
ing the incidence of hypoglycemia [9]. Two SGLT2is
(ipragliflozin and dapagliflozin) are approved in Japan as
adjunctive therapies to insulin for adults with T1D. Both
SGLT2is significantly reduced HbA1c and body mass in
a 24-week in a phase 3 trial in Japanese patients with
T1D [10-12]. However, few studies have been performed
to determine the durability of their effects in a routine
clinical practice environment [13].

DKA is the most serious potential adverse event (AE)
associated with the use of SGLT2i in patients with T1D
and its incidence is more frequent in these patients than
in those with T2D. In the present study, we aimed to
evaluate the safety and efficacy of long-term SGLT2i use
in Japanese patients with T1D in a real-world clinical
setting and to determine whether the efficacy and safety
of SGLT2is differ between subgroups of patients catego‐
rized according to their clinical characteristics.

Materials and Methods

Study sample
Patients with T1D who were undergoing multiple

daily insulin therapy (MDI) or continuous subcutaneous
insulin infusion (CSII) and who had been treated with an
SGLT2i (ipragliflozin or dapagliflozin) for >52 weeks,
up to April 2021, were eligible for inclusion. T1D was
diagnosed by the attending physician and confirmed by
depletion of insulin secretion by the measurement of
plasma C-peptide concentration, clinical course, and/or
presence of autoantibodies such as anti-GAD antibody.
There was no restriction based on T1D subtype, but
patients who were aged <18 years or pregnant were
excluded. Patients were recruited at five medical centers
and clinics specializing in diabetes located in Sapporo,
Japan (Hokkaido University Hospital, Ono Yuri Clinic,
Kurihara Clinic, Manda Memorial Hospital and Aoki
Clinic).

Study protocol
We performed a multi-center, retrospective observa‐

tional study, in which data were collected from the
participants’ medical records for the period between
December 2018 and April 2021. The baseline was
defined as the date that SGLT2i treatment was initiated.

Data were collected for each visit as follows: 4 weeks
before the initiation of SGLT2i, at baseline, and 4, 12,
and 52 weeks after starting the SGLT2i treatment.
Ipragliflozin or dapagliflozin administration was initiated
at 50 mg or 5 mg, respectively, once daily after the first
meal of the day. The primary endpoints of the study were
the changes in HbA1c and body mass from baseline. The
secondary endpoints were the changes in 1) daily insulin
dose, 2) blood pressure, 3) serum creatinine concentra‐
tion and estimated glomerular filtration rate, 4) urinary
albumin/creatinine ratio, 5) liver enzyme activity, 6)
hemoglobin and hematocrit, 7) factors associated with
the changes in the primary endpoints, and 8) the inci‐
dences of any AEs.

Sub-analyses were also performed to determine the
effects of SGLT2is on these parameters in participants
with differing baseline HbA1c (A1, <8.0%; A2, 8.0%–
8.9%; A3, ≥9%) and body mass index (BMI) (B1,
<22 kg/m2; B2, 22–24.9 kg/m2; B3, ≥25 kg/m2). To
investigate the long-term safety of the use of SGLT2is in
patients with T1D, AEs of interest and the discontinua‐
tion of the SGLT2i because of an AE were recorded
during the study period. The AEs of interest were hypo‐
glycemia, genital infection, and DKA.

An opt-out consent procedure was used. This study
was registered with the University Hospital Medical
Information Network (UMIN) Center (#000044317), and
the study protocol was approved by the Institutional
Review Board of the Japan Clinicians Diabetes
Association and Hokkaido University. The study was
carried out in accordance with the principles of the
Declaration of Helsinki, as revised in 2013.

Statistical analysis
Results are expressed as the mean ± standard deviation

for normally distributed data and as the median and 95%
confidence interval (95% CI) for non-normally dis‐
tributed data. Categorical variables are expressed as
numbers and percentages. Differences between two
groups were evaluated using Student’s t-test or the
Wilcoxon signed-rank test for continuous variables. To
compare multiple groups, we used one-way ANOVA,
followed by Tukey’s post-hoc test, or the Kruskal-Wallis
test, followed by Dunn’s multiple comparison test. Cor‐
relation coefficients and simple linear regression ana‐
lyses were used to identify associations between vari‐
ables. Multivariate linear regression analyses were used
to identify factors that were independently associated
with the outcomes. p < 0.05 was considered to indicate
statistical significance. All statistical analyses were per‐
formed using GraphPad Prism (GraphPad Software, Inc.
San Diego, CA, USA) or EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), which is a
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graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria). More precisely,
it is a modified version of R commander designed to
add statistical functions that are frequently used in
biostatistics.

Results

A total of 216 patients with T1D were treated with an
SGLT2i during the study period. Of these, 42 who were
continuing to take an SGLT2i at the time of data collec‐
tion for the present study were excluded because of a
short treatment period (<52 weeks). Fifteen patients were
excluded because of discontinuation of their SGLT2i,
owing to an AE (3.7%), ineffectiveness (1.4%), preg‐
nancy (0.5%), or moving home (1.4%), as shown in
Supplementary Table 1. Of note, three participants
experienced DKA. As a result, 159 participants who had
been treated for >52 weeks were included in the efficacy
analysis (Supplementary Fig. 1). The baseline clinical
and metabolic characteristics of these 159 participants
are shown in Supplementary Table 2. They comprised
106 women and 53 men, with a mean age of 50.7 ± 15.1
years and a mean duration of diabetes of 19.0 ± 10.3
years. All had been treated with MDI or CSII, and their
median (95% confidence interval, CI) total daily insulin

dose prior to the start of SGLT2i therapy was 44.5 (40.5,
48.0) units/day.

Regular administration of an SGLT2i was initiated at
baseline, and during the 52 weeks of SGLT2i administra‐
tion, the HbA1c (8.4% ± 1.0% to 8.0% ± 1.0%, p <
0.001) (Fig. 1A), body mass (67.2 ± 13.5 kg to 65.1
± 13.3 kg, p < 0.001) (Fig. 1B), and BMI (25.5 ± 4.2
kg/m2 to 24.7 ± 4.1 kg/m2, p < 0.001) of the participants
significantly decreased. The median doses of both bolus
and basal insulin also significantly decreased (from 27.3
units to 24.0 units and from 16.0 units to 14.0 units,
respectively, p < 0.001), and as a result, the total insulin
dose also decreased (from 44.5 units to 40.5 units, p <
0.001) (Fig. 1C and Supplementary Table 2). The hemo‐
globin and hematocrit of the patients increased, whereas
their circulating alanine aminotransferase (ALT) and
gamma-glutamyl transferase (γGT) activities and uric
acid concentration significantly decreased. Their estimated
glomerular filtration rate (eGFR) decreased (from 85.0
± 24.1 mL/min/m2 to 78.8 ± 21.4 mL/min/m2, p < 0.001),
but there were no significant changes in their urinary
albumin/creatinine ratio (UACR) or systolic or diastolic
blood pressure (Supplementary Table 2).

To identify the factors associated with an improve‐
ment in HbA1c during treatment with an SGLT2i, we
analyzed the relationships between the change in HbA1c

Fig. 1  Changes in HbA1c (%) (A), body mass (kg) (B), and total insulin dose (units) (C) over the 52 weeks of the study
Data are mean ± standard deviation in (A) and (B), and median and 95% confidence in (C). *** p < 0.001 vs. 0 weeks in (A) and
(B), by Student’s t-test; and vs. –4 weeks in (C), by the Wilcoxon signed-rank test.
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(ΔHbA1c) and the baseline values of and changes in
each parameter during the study. These analyses revealed
a significant correlation between the reduction in HbA1c
and baseline HbA1c (r = –0.46, p < 0.001), but not base‐
line body mass (r = –0.11, p = 0.19) (Fig. 2A and 2B).
Multiple regression analysis showed that baseline HbA1c
and the percentage change in BMI (%ΔBMI) were sig‐
nificantly associated with ΔHbA1c (p < 0.001 and p =
0.001, respectively) (Table 1).

The baseline clinical characteristics of the participants
may have affected their changes in glycemic control, and
therefore we next allocated the 159 participants to three
groups based on their baseline HbA1c, as follows: A1 (n
= 52, HbA1c <8%), A2 (n = 63, HbA1c 8%–8.9%), and
A3 (n = 44, HbA1c ≥9%). We found no significant dif‐
ferences in most of the baseline characteristics of the
three sub-groups, with the exception of glycemic control,
daily insulin dose, and insulin treatment regimen (Table
2). As expected, the effect of the SGLT2i on ΔHbA1c
differed among the groups: it was minimal in A1, and
significantly larger in the A2 and A3 groups (changes of
+0.1%, –0.5%, and –0.8%, respectively) (Fig. 3). We
also found that the percentage changes in the insulin
doses differed among the sub-groups: the percentage
changes in the total, basal, and bolus insulin doses during
the study period were smaller in the A3 group than in the
other two sub-groups (Table 3, Fig. 4A and B).

SGLT2is reduce the body mass of patients with T2D,
and in general, patients with T1D and obesity require a
higher insulin dose. Therefore, we next determined the
effect of SGLT2is in patients with T1D categorized
according to their BMI: B1 (n = 32, BMI <22 kg/m2),
B2 (n = 43, BMI 22–24.9 kg/m2), and B3 (n = 84, BMI

Fig. 2  Relationships of baseline HbA1c (%) (A) and body mass
(kg) (B) with the changes in HbA1c over the 52 weeks of
the study
The reduction in HbA1c correlated with the baseline
HbA1c (r = –0.46 p < 0.001), but not with baseline
body mass.

Table 1 Relationships between changes in HbA1c during 1 year of treatment with an SGLT2i and
clinical parameters, analyzed using multiple linear regression analysis

Parameter Regression coefficient 95% confidence interval p value

HbA1c (%) –0.351 –0.480, –0.223 <0.001

%ΔBMI (%) –0.047 –0.075, –0.019 0.001

BMI (kg/m2) –0.029 –0.062, 0.004 0.08

Age (years) –0.005 –0.016, –0.007 0.40

Sex (female = 1) 0.226 –0.063, 0.516 0.12

Duration of diabetes (years) 0.008 –0.005, 0.021 0.22

eGFR (mL/min/1.73 m2) –0.006 –0.013, 0.001 0.12

Total insulin dose (units) 0.003 –0.003, 0.010 0.23

%Δtotal insulin dose (%) 0.003 –0.004, 0.011 0.33

R2 = 0.3133. The multiple linear regression analysis involved adjustment for age, sex, duration of
diabetes, BMI, HbA1c, total insulin dose, eGFR, %ΔBMI, and %Δtotal insulin dose. BMI, body mass
index; eGFR, estimated glomerular filtration rate; %ΔBMI, percentage change in BMI during the
study; %Δtotal insulin dose, percentage change in daily total insulin dose during the study.
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≥25 kg/m2). The baseline body mass, BMI, and insulin
dose of the B2 and B3 groups were higher than those of
the B1group (all p < 0.001), as shown in Supplementary
Table 3. However, no significant differences were
observed among the three groups with respect to other
parameters, including sex, age, duration of diabetes,
eGFR, UACR, and blood pressure. After SGLT2i treat‐
ment, HbA1c was significantly lower in all three of the
groups and the reductions were similar in magnitude
(Supplementary Fig. 2). Body mass and BMI also
decreased in all three of the groups (Supplementary
Fig. 3). The reduction in body mass appeared to be
smaller in the B1 group. When we analyzed the relation‐

ships between the change in body mass and the baseline
values, there was a trend toward a negative correlation,
but this was not statistically significant (p = 0.09)
(Supplementary Fig. 4). Participants with higher BMIs
were administered larger doses of insulin at baseline, as
expected (Supplementary Table 3), but the percentage
changes (%Δ) in insulin dose in the three groups were
similar (Supplementary Table 4).

During the study period, the most frequent AE was
genital infection (six events, 2.8%), followed by DKA
(three events, 1.4%). Severe hypoglycemia was not iden‐
tified and the incidence of hypoglycemia did not increase
after treatment with SGLT2is.The details of the three

Table 2 Baseline characteristics of the participants, categorized according to HbA1c

A1 group (HbA1c <8%) A2 group (HbA1c 8%–8.9%) A3 group (HbA1c ≥9%) p value

n 52 63 44

Sex (male/female) 17/35 21/42 15/29 0.892

Age (years) 51.1 ± 16.6 51.0 ± 15.0 49.8 ± 13.6 0.825

Duration of diabetes (years) 19.8 ± 12.2 18.3 ± 9.4 19.0 ± 9.6 0.748

Body mass (kg) 66.6 ± 14.8 65.6 ± 10.5 70.0 ± 15.3 0.239

Body mass index (kg/m2) 25.2 ± 4.5 25.0 ± 3.4 26.5 ± 4.8 0.239

HbA1c (%) 7.4 ± 0.5 8.3 ± 0.3†† 9.7 ± 0.8††,‡‡ <0.001

CPG (mg/dL) 187.7 ± 83.8 188.0 ± 76.2 221.6 ± 86.6 0.069

eGFR (mL/min/1.73 m2) 81.0 ± 27.0 83.7 ± 21.3 90.4 ± 25.0 0.395

Creatinine (mg/dL) 0.76 ± 0.34 0.69 ± 0.17 0.65 ± 0.15 0.443

Uric acid (mg/dL) 4.4 ± 1.5 4.1 ± 1.4 4.4 ± 1.2 0.216

UACR (mg/gCre) 8.7 (4.0, 17.0) 7.4 (4.4, 19.5) 9.9 (4.1, 24.6) 0.851

AST (U/L) 25.6 ± 21.7 20.4 ± 6.1 23.2 ± 8.1 0.111

ALT (U/L) 20.8 ± 13.4 19.6 ± 10.6 23.7 ± 12.1 0.078

γGTP (U/L) 25.0 ± 23.2 23.8 ± 17.3 40.4 ± 51.6 0.074

Hemoglobin (g/dL) 13.8 ± 1.4 14.1 ± 1.4 14.2 ± 1.3 0.229

Hematocrit (%) 42.0 ± 4.3 45.1 ± 4.5 43.5 ± 3.7 0.140

Systolic BP (mmHg) 127 ± 13 126 ± 19 124 ± 16 0.446

Diastolic BP (mmHg) 75 ± 9 73 ± 12 71 ± 8 0.107

SGLT2i (Ipragliflozin/Dapagliflozin) 26/26 34/29 22/22 0.973

Retinopathy (NDR/SDR/PPDR/PDR) 38/10/2/2 47/14/1/1 25/17/1/1 0.347

Insulin regimen (CSII/MDI) 8/29 2/61 1/43 0.038

Total insulin dose (units) 40.0 (32.0, 47.0) 45.0 (39.0, 50.0) 45.0 (38.0, 48.0) 0.429

Basal insulin dose (units) 12.0 (11.0, 14.0) 18.0 (14.0, 20.0) 18.0 (16.0, 22.0)† 0.010

Bolus insulin dose (units) 27.0 (23.0, 30.0) 26.0 (21.0, 32.0) 30.0 (22.0, 33.0) 0.837

Data are mean ± standard deviation, median and 95% confidence interval, or numbers; and were analyzed using one-way ANOVA,
followed by Tukey’s post-hoc test, or the Kruskal-Wallis test, followed by Dunn’s multiple comparison test. † p < 0.05 vs. A1, †† p < 0.01
vs. A1, ‡‡ p < 0.01 vs. A2. CPG, casual plasma glucose; eGFR, estimated glomerular filtration rate; UACR, urinary albumin/creatinine
ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BP, blood pressure; SGLT2i, sodium-glucose cotransporter 2
inhibitor; NDR, no diabetic retinopathy; SDR, simple diabetic retinopathy; PPDR, pre-proliferative diabetic retinopathy; PDR, proliferative
diabetic retinopathy; CSII, continuous subcutaneous insulin infusion; MDI, multiple daily insulin therapy.
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cases of DKA recorded during the study are shown in
Supplementary Table 5. These patients were treated
appropriately while hospitalized and their SGLT2i
was discontinued.

Discussion

The present study was the first to evaluate the safety
and efficacy of long-term SGLT2i use in patients with
T1D in a large-scale real-world clinical setting. The
SGLT2is reduced HbA1c (by 0.4%), body mass (by
2.1 kg), and the requirement for insulin (by 9.0%) over
52 weeks. Baseline HbA1c level was identified as a con‐
tributor to the magnitude of the reduction in HbA1c, but
body mass and renal function did not affect the change in
HbA1c. The circulating liver enzyme activities and uric
acid concentration were also significantly lower, as pre‐
viously shown in patients with T2D [14, 15]. There were

Fig. 3  Change in HbA1c (%) over the 52 weeks of the study in
participants categorized according to baseline HbA1c
*** p < 0.001, Kruskal-Wallis test followed by Dunn’s
multiple comparison test. A1, HbA1c <8%; A2, HbA1c
8%–8.9%; A3, HbA1c ≥9%.

Table 3 Changes in insulin dose during the study in the subgroups A1, A2, and A3

0 weeks 12 weeks 52 weeks

Total insulin dose
(% change)

A1 –11.2 (–14.3, –7.4) –14.3 (–17.2, –11.1) –14.6 (–20.7, –10.7)
A2 –12.8 (–16.0, –8.2) –13.7 (–15.4, –10.9) –12.0 (–15.4, –8.9)
A3 –4.2 (–11.8, 0.0)†,‡ –7.5 (–13.6, 0.0) –6.0 (–12.5, 0.0)††

Basal insulin dose
(% change)

A1 –14.3 (–16.7, –12.5) –16.7 (–20.0, –14.3) –18.2 (–26.8, –12.5)
A2 –13.3 (–16.7, –11.1) –18.2 (–20.0, –16.7) –18.2 (–23.3, –14.3)
A3 –7.3 (–12.5, 0.0)††,‡ –15.6 (–18.8, 0.0) –11.8 (–15.8, 0.0)†,‡

Bolus insulin dose
(% change)

A1 –10.2 (–15.0, –7.1) –12.7 (–17.6, –8.3) –12.6 (–18.4, –6.7)
A2 –12.3 (–15.8, –6.1) –10.7 (–13.6, –5.1) –7.0 (–13.6, 0.0)
A3 0.0 (–11.1, 0.0)‡ 0.0 (–13.6, 0.0) 0.0 (–13.0, 4.8)††

Data are median and 95% confidence interval, and were analyzed using the Kruskal-Wallis test, followed by Dunn’s
multiple comparison test. † p < 0.05 vs. A1, †† p < 0.01 vs. A1, ‡p < 0.05 vs. A2. A1, HbA1c <8%; A2, HbA1c 8%–
8.9%; A3, HbA1c ≥9%.

Fig. 4  Changes in basal (A) and bolus (B) insulin dose (percentage change from –4 weeks) over the 52 weeks of the study in participants
categorized according to baseline HbA1c
Data are median and 95% confidence interval. A1 (blue circles and solid line), HbA1c <8%; A2 (orange squares and solid line),
HbA1c 8%–8.9%; A3 (red triangles and solid line), HbA1c ≥9%. * p < 0.05, ** p < 0.01.
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markedly lower incidences of genital infection and
DKA in these patients than has been previously reported
[9, 12].

The improvement in HbA1c was comparable to those
identified in phase 3 clinical trials conducted in Japanese
patients with T1D (dapagliflozin: –0.37% over 24 weeks;
ipragliflozin: –0.36% over 24 weeks and –0.33% over 52
weeks) [10, 12, 13] and a meta-analysis of studies con‐
ducted internationally [16] suggested that there are no
differences in the overall HbA1c-lowering effect of
SGLT2is in patients of differing ethnicity with T1D. As
has been shown in patients with T2D, as the HbA1c level
at the baseline increased, the HbA1c-lowering effect of
the SGLT2is increased. However, unlike in a previous
study [7], the relationship between eGFR and the reduc‐
tion in HbA1c was unclear (Table 1). This may be
because most of the participants in the study had a
normal eGFR and/or because of the smaller reductions in
HbA1c achieved in the patients with T1D who were
undergoing intensive insulin therapy, compared with that
achieved in patients with T2D.

A single-center, retrospective observational study of
24-weeks SGLT2i use in 12 Japanese patients with T1D
was reported very recently [17]. Although HbA1c
reductions in the study was similar to those in phase 3
clinical trials, body mass reduction was relatively small
(–1.4 kg). The reduction in body mass achieved in the
present study was similar to those achieved in domestic
and international phase 3 clinical trials of patients with
T1D. Although a previous meta-analysis of clinical trials
showed that SGLT2is reduced the body mass of patients
with T1D (by a mean –2.76 kg) versus placebo, there
was significant heterogeneity between the included stu‐
dies [18]. The associations identified between weight loss
while taking an SGLT2i and baseline body mass have
been inconsistent in studies of patients with T2D [19]. In
the present study of patients with T1D, we found that
those with higher baseline body masses tended to lose
more weight, but this trend was not significant (p = 0.09)
(Supplementary Fig. 4).

A reduction in insulin dose should be considered when
SGLT2is are co-administered to avoid hypoglycemia, but
optimization of the dose is essential, because an exces‐
sive reduction increases the risk of developing DKA. In
this study, the doses of basal and bolus insulin adminis‐
tered after SGLT2i treatment were determined by physi‐
cians according to the data from the Japanese Phase 3
clinical trials [10, 12, 13] and the recommendations of
the Japanese Diabetes Society (JDS) [20]. The mean
reduction in insulin dose in the present study was similar
to that in Japanese phase 3 clinical trials. The Japanese
Diabetes Society (JDS) recommends that when adding
an SGLT2i to the treatment regimen of patients with

T1D, especially if their glycemic control is good (HbA1c
<7.5%), the total insulin dose should be reduced by
10%–20% [20]. Here, the reduction in bolus insulin dose
in the A1 group (12.6%) was larger than that in the A3
group (Table 3), and the reduction in the basal insulin
dose in the A1 or A2 groups (18.2%) was larger than that
in the A3 group. The reductions in the basal insulin
doses were larger than those in the bolus insulin doses in
all three of the groups in the present study, similar to the
findings of a previous study of patients with T2D [21].
No correlation was found between baseline BMI and
the change in insulin dose in the present study (Supple‐
mentary Table 4).

In addition to their beneficial effects on HbA1c and
weight control, SGLT2is improve daily and day-to-day
glycemic variability [22, 23], and these would be the
most significant benefits of using adjunctive therapy
with an SGLT2i in patients with T1D. Indeed, most
patients can feel their reduction of glycemic variability
from the first day of administration, leading to an
improvement in patient satisfaction and the cost-
effectiveness of therapy for T1D [24, 25]. Despite the
described benefits of SGLT2is, most countries, including
the United States, have not approved the use of SGLT2is
for the treatment of T1D because of the higher risk
of DKA.

A meta-analysis of eight international phase 2 and 3
trials conducted in patients with T1D showed that
SGLT2is are associated with a 5.8-times higher risk of
DKA than placebo [16]. The European Medicines
Agency has approved the drug for use only in patients
with a BMI ≥27 kg/m2 under specialist care [26]; this is
because a phase 3 trial of Western patients with T1D
showed that the incidence of DKA is higher in those with
a BMI <27 kg/m2 than in those with a BMI ≥27 kg/m2

(4.0% vs. 1.7%) [27]. In contrast, Horii et al. [28]
reported that SGLT2is increased the risk of DKA by
1.66-fold (hazard ratio 1.66; 95% CI, 1.33–2.06; p <
0001) based on an analysis of a database of 11,475
Japanese patients with T1D, considerably lower than in
Western patients with T1D. Similarly, the incidences of
DKA were low in the two phase 3 trials of the use of
SGLT2is conducted in Japanese patients with T1D [10,
12, 13].

The discrepancy in the incidences of DKA between
Western and Japanese patients cannot be inferred from
these studies. However, one possible explanation is that
the guidelines for reducing insulin dose in patients with
T1D that were proposed early on by the JDS may have
been appropriate. Alternatively, this may be because
Japanese patients with T1D generally visit the hospital
more frequently (usually every month) for check-ups,
which may imply that their diabetes is more closely
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monitored than that of patients in other countries.
Finally, intermittently scanned continuous glucose moni‐
toring systems (iCGM) are now widely used for patients
with T1D in Japan, which permits better self-
management by the patients. The use of iCGM was
shown to be associated with a significantly lower inci‐
dence of DKA (–56.2%) in patients with T1D [29].

In the present study of patients with T1D and a mean
BMI of 25.5 kg/m2, DKA occurred in only three (1.4%)
over 52 weeks, which represents a lower incidence than
that previously reported for patients with T1D who were
not taking an SGLT2i (7.1%) [28]. The three patients did
not respond appropriately during sick days and had BMIs
above the mean (Supplementary Table 5). DKA was
more likely to occur during the initiation (insulin adjust‐
ment) period and was not associated with baseline BMI
in a previous study of Japanese patients with T1D [28].
Therefore, we believe that there is no need to limit the
use of SGLT2i to patients with T1D and obesity or over‐
weight, as is the case in Europe, because they demon‐
strate efficacy in normal-weight patients. Importantly,
the incidence of DKA is much higher in patients with
T1D than in those with T2D because the risk is related to
residual insulin secretory capacity [30, 31]. Careful
supervision by specialist clinicians, daily guidance
regarding the sick day rule [32], and appropriate carbo‐
hydrate intake are crucial to reduce the risk of DKA in
patients with T1D.

The present study had several limitations. First, it was
a single-arm, retrospective observational study. There‐
fore, the results should be validated in a prospective
study using a control group of patients with T1D who
were not taking an SGLT2i. Second, because the analysis
was conducted over a relatively short period of time (52
weeks), potential organ-protective effects, such as an
improvement in renal function, were not evaluated.
eGFR decreases during the first 6 months to 1 year of
T2D [8], and thus a long-term observational study of
patients with T1D and abnormal renal function should
also be performed to determine whether SGLT2is have
renal protective effects.

In conclusion, the addition of an SGLT2i to intensive
insulin treatment in patients with T1D can provide addi‐
tional benefits, such as improvements in glycemic con‐
trol and body mass, without increasing the incidence of
hypoglycemia or DKA. We found that the change in
HbA1c in the participants was closely associated with
the baseline HbA1c level, but not with body mass or
renal function. Furthermore, the occurrence of DKA may
not be predisposed to by low BMI and its incidence may
be much lower in Japanese patients than in Western
patients with T1D. Appropriate patient selection, contin‐
uous patient education, and risk reduction strategies,

such as appropriate insulin dose adjustment, may
improve the safety of the use of SGLT2is in patients with
T1D and contribute to their long-term glycemic control
and satisfaction.
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Supplementary Table 1 Reasons for discontinuation of the SGLT2i during the study

Reason for discontinuation Number (n = 15 total)

Inefficacy 3

Moving home or interruption of hospital visit 3

Diabetic ketoacidosis 3

Thirst and/or pollakiuria 2

Pregnancy 1

Fatigue 1

Rash 1

Nausea 1

Supplementary Table 2 Comparison of the characteristics of the participants at baseline and after 52 weeks of
SGLT2i treatment

Baseline 52 weeks p value

Sex (male/female) 53/106

Age (year) 50.7 ± 15.1

Duration of diabetes (years) 19.0 ± 10.3

SGLT2i (Ipragliflozin/Dapagliflozin) 82/77

Retinopathy (NDR/SDR/PPDR/PDR) 111/40/4/4

Insulin (MDI/CSII) 148/11

Subtype (fulminant/acute/slowly progressive) 9/107/43

Plasma C-peptide (ng/mL) 0.04 (0.02, 0.38)

Body mass (kg) 67.2 ± 13.5 65.1 ± 13.3 <0.001

Body mass index (kg/m2) 25.5 ± 4.2 24.7 ± 4.1 <0.001

HbA1c (%) 8.4 ± 1.0 8.0 ± 1.0 <0.001

eGFR (mL/min/1.73 m2) 85.0 ± 24.1 78.8 ± 21.4 <0.001

Creatinine (mg/dL) 0.70 ± 0.24 0.75 ± 0.30 <0.001

Uric acid (mg/dL) 4.3 ± 1.4 4.1 ± 1.3 <0.01

UACR (mg/gCre) 8.1 (4.0, 21.4) 9.2 (4.3, 22.1) 0.78

AST (U/L) 22.9 ± 13.8 21.1 ± 8.6 0.06

ALT (U/L) 21.1 ± 12.0 19.1 ± 11.0 <0.01

γGTP (U/L) 28.7 ± 32.4 24.5 ± 28.7 <0.05

Hemoglobin (g/dL) 14.0 ± 1.4 14.5 ± 1.5 <0.001

Hematocrit (%) 42.9 ± 4.1 44.5 ± 4.6 <0.001

Systolic BP (mmHg) 126 ± 17 124 ± 16 0.09

Diastolic BP (mmHg) 73 ± 10 72 ± 10 0.61

Total insulin dose (units) 44.5 (40.5, 48.0) 40.5 (37.0, 43.0) <0.001

Basal insulin dose (units) 16.0 (14.0, 19.0) 14.0 (12.0, 14.0) <0.001

Bolus insulin dose (units) 27.3 (24.0, 30.0) 24.0 (22.0, 27.0) <0.001

Data are mean ± standard deviation, median and 95% confidence interval, or number. Data were analyzed using
Student’s t-test or the Wilcoxon signed-rank test. SGLT2i, sodium-glucose cotransporter 2 inhibitor; MDI, multiple
daily insulin therapy; CSII, continuous subcutaneous insulin infusion; NDR, no diabetic retinopathy; SDR, simple
diabetic retinopathy; PPDR, pre-proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; eGFR,
estimated glomerular filtration rate; UACR, urinary albumin/creatinine ratio; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; BP, blood pressure.
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Supplementary Table 3 Baseline characteristics of the participants, categorized according to BMI

B1 group
(BMI <22 kg/m2)

B2 group
(BMI 22–25 kg/m2)

B3 group
(BMI ≥25 kg/m2) p value

n 32 43 84

Sex (male/female) 7/25 15/28 31/53 0.231

Age (years) 52.2 ± 14.6 51.1 ± 16.7 49.9 ± 14.6 0.729

Duration of diabetes (years) 17.0 ± 10.3 19.0 ± 11.5 19.7 ± 9.7 0.396

Body mass (kg) 54.0 ± 6.1 62.7 ± 7.3†† 74.6 ± 13.1†††,‡‡‡ <0.001

Body mass index (kg/m2) 20.6 ± 1.1 23.4 ± 0.8††† 28.5 ± 3.3†††,‡‡‡ <0.001

HbA1c (%) 8.3 ± 1.0 8.4 ± 1.0 8.5 ± 1.1 0.416

Plasma glucose (mg/dL) 197.5 ± 80.7 192.7 ± 83.8 199.4 ± 83.5 0.814

eGFR (mL/min/1.73 m2) 91.0 ± 50.7 88.2 ± 25.8 84.1 ± 23.4 0.418

Creatinine (mg/dL) 0.71 ± 0.28 0.69 ± 0.30 0.71 ± 0.19 0.415

Uric acid (mg/dL) 4.1 ± 1.6 4.1 ± 1.2 4.5 ± 1.3 0.038

UACR (mg/gCre) 7.9 (1.5–12.8) 8.0 (4.1–14.4) 8.6 (4.3–26.9) 0.206

AST (U/L) 22.3 ± 7.1 22.6 ± 16.2 23.2 ± 14.4 0.279

ALT (U/L) 19.3 ± 9.8 19.7 ± 12.5 22.5 ± 12.4 0.463

γGTP (U/L) 37.0 ± 55.7 25.4 ± 30.9 27.5 ± 20.2 0.075

Hemoglobin (g/dL) 13.5 ± 1.2 13.9 ± 1.3 14.3 ± 1.4 0.018

Hematocrit (%) 41.1 ± 3.5 42.8 ± 3.9 43.7 ± 4.2 0.020

Systolic BP (mmHg) 122 ± 18 127 ± 18 127 ± 15 0.389

Diastolic BP (mmHg) 72 ± 8 73 ± 12 73 ± 10 0.953

SGLT2i (Ipragliflozin/Dapagliflozin) 13/19 22/21 46/38 0.214

Retinopathy (NDR/SDR/PPDR/PDR) 23/8/0/1 35/7/0/1 52/26/4/2 0.224

Insulin (CSII/MDI) 1/31 3/40 7/77 0.411

Total insulin dose (units) 29.0 (24.0, 40.0) 39.5 (33.5, 45.0) 52.5 (48.0, 58.0)†††,‡‡ <0.001

Basal insulin dose (units) 11.0 (8.0, 14.0) 13.0 (11.0, 16.0) 20.0 (18.0, 22.0)†††,‡‡‡ <0.001

Bolus insulin dose (units) 18.0 (14.0, 25.0) 26.0 (22.2, 30.0) 32.0 (27.0, 36.0)††† <0.001

Data are mean ± standard deviation, median and 95% confidence, or number; and were analyzed using one-way ANOVA, followed by
Tukey’s post-hoc test, or the Kruskal-Wallis test, followed by Dunn’s multiple comparison test. ††, p < 0.01 vs. B1; †††, p < 0.001 vs. B1; ‡‡,
p < 0.01 vs. B2; ‡‡‡, p < 0.001 vs. B2. BMI, body mass index; eGFR, estimated glomerular filtration rate; UACR, urinary albumin/
creatinine ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BP, blood pressure; SGLT2i, sodium-glucose
cotransporter 2 inhibitor; NDR, no diabetic retinopathy; SDR, simple diabetic retinopathy; PPDR, pre-proliferative diabetic retinopathy;
PDR, proliferative diabetic retinopathy; MDI, multiple daily insulin therapy; CSII, continuous subcutaneous insulin infusion.

SGLT2i in T1D: real-world data 505



Supplementary Table 4 Changes in insulin doses during the study in the sub-groups B1, B2, and B3

0 weeks 12 weeks 52 weeks

Total insulin dose
(% change)

B1 –7.9 (–16.3, –4.2) –11.6 (–16.0, –2.5) –10.8 (–20.7, 3.2)
B2 –11.5 (–16.0, –2.5) –15.1 (–19.6, –11.3) –12.7 (–15.7, –10.0)
B3 –10.9 (–13.9, –6.9) –12.5 (–14.0, –8.6) –11.3 (–14.6, –6.9)

Basal insulin dose
(% change)

B1 –13.4 (–18.2, –10.0) –20.0 (–25.0, –14.3) –18.1 (–26.8, –6.9)
B2 –11.6 (–16.7, –9.1) –18.2 (–23.1, –14.3) –18.2 (–25.0, –12.5)
B3 –13.8 (–15.0, –11.1) –16.3 (–17.9, –12.5) –15.2 (–20.0, –10.0)

Bolus insulin dose
(% change)

B1 –5.7 (–16.7, 0.0) –6.2 (–12.5, 0.0) –6.1 (–15.2, 6.1)
B2 –12.3 (–15.4, –7.1) –13.4 (–17.6, –8.3) –9.6 (–14.8, –4.8)

B3 –10.1 (–13.5, 0.0) –13.6 (–13.6, –5.6) –5.6 (–14.1, 0.0)

Data are median and 95% confidence interval and were analyzed using the Kruskal-Wallis test, followed by Dunn’s
multiple comparison test. No significant differences were identified. B1, BMI <22 kg/m2, B2, BMI 22–25 kg/m2; B3,
BMI ≥25 kg/m2.

Supplementary Table 5 Details of the three cases of diabetic ketoacidosis

Case 1 Case 2 Case 3

Sex Female Female Male

Age (years) 46 42 68

Duration of diabetes (years) 5 21 35

Insulin treatment regimen MDI CSII MDI

HbA1c (%) 8.8 8.6 7.6

Body mass index (kg/m2) 25.8 29.2 42.6

SGLT2i Dapagliflozin Ipragliflozin Ipragliflozin

Duration of SGLT2i use (weeks) 28 28 16

Trigger for DKA Gastroenteritis Gastroenteritis Appetite loss

Change in insulin dose after SGLT2i
introduced –2 units Unchanged +17 units

pH during DKA 7.164 6.997 7.196

Plasma glucose during DKA (mg/dL) 326 340 399

Treatment for DKA
Stop SGLT2i

Insulin infusion
Dextrose infusion

Stop SGLT2i
Insulin infusion

Dextrose infusion

Stop SGLT2i
Insulin infusion

Dextrose infusion
Sodium bicarbonate infusion

Duration of hospitalization (days) 5 7 10

Each case of DKA was treated by stopping the SGLT2i, insulin infusion, and dextrose infusion. MDI, multiple daily
insulin therapy; CSII, continuous subcutaneous insulin infusion; SGLT2i, sodium-glucose co-transporter 2 inhibitor;
DKA, diabetic ketoacidosis.
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Supplementary Fig. 1 Flow diagram for the study

Supplementary Fig. 2 Changes in HbA1c (%) over the 52 weeks of the study in participants categorized according to baseline body mass
index (BMI)
Data were analyzed using the Kruskal-Wallis test. No significant differences were identified. B1, BMI <22 kg/m2,
B2, BMI 22–25 kg/m2; B3, BMI ≥25 kg/m2.

Supplementary Fig. 3 Changes in body mass and body mass index (BMI) over the 52 weeks of the study in participants categorized
according to BMI category
Data were analyzed using the Kruskal-Wallis test. No significant differences were identified. B1, BMI <22 kg/m2,
B2, BMI 22–25 kg/m2; B3, BMI ≥25 kg/m2.
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