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Abstract:

Objective Young people with type 1 diabetes are likely to gain body weight and not achieve optimal glyce-
mic control with only high doses of insulin. This study examined the efficacy of the sodium-glucose cotrans-
porter 2 (SGLT2) inhibitor dapagliflozin as an adjunct-to-insulin therapy in young Japanese subjects with
type 1 diabetes who had been diagnosed before 15 years old, were overweight, and had inadequate control
despite receiving intensive insulin therapy.

Methods Twenty-two patients with type 1 diabetes (12 boys and 10 girls 16.0-33.9 years old) were in-
volved in the study. All patients had a body mass index (BMI) >25 kg/m’, glycated hemoglobin (HbAlc)
level >7.0%, and daily insulin dose >0.5 units’kg. They were treated with a low dose of dapagliflozin
(5.0 mg/day) as an adjunctive therapy to insulin. Fourteen patients were treated with multiple daily injections
of insulin, while eight used an insulin pump.

Results The body weights and BMIs were significantly reduced during the 12-month study period (change
of -4.4 kg and -1.7 kg/m®, p<0.001, respectively). Their insulin dose was significantly decreased (-0.17 units/
kg, P <0.001), and glycemic control was significantly improved (fasting plasma glucose: -18.7 mg/dL, HbA1
c: -0.62%, p<0.001) during the study period. There was one episode of diabetic ketoacidosis, with no other
problematic adverse events, including severe hypoglycemia, observed.

Conclusion The use of low-dose dapagliflozin as an adjunct therapy may be beneficial in overweight young

people with poorly controlled type 1 diabetes.
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Introduction

Type 1 diabetes is caused by autoimmunity against pan-
creatic B-cells and is characterized by a lean phenotype and
the absence of adipose tissue accumulation, leading to insu-
lin resistance. However, patients with type 1 diabetes are
often considered overweight, partly because of the rising
prevalence of obesity in the general population and possibly
due to intensive insulin therapy (1-4).

Intensive insulin therapy mimics physiological insulin se-
cretion, thereby creating a hyperinsulinemic environment.
This can contribute to weight gain and increased insulin re-
sistance. Some young people require high doses of insulin
to achieve optimal glycemic control owing to an approxi-

mately 30% increase in insulin resistance during puberty
due to growth-hormone surges (5, 6) as well as irregular
lifestyles and a low adherence to diabetes management in
this age group (7). It was reported that 20-40% of children
and adolescents with type 1 diabetes are overweight or
obese (8). In addition, the majority with type 1 diabetes do
not attain adequate glycemic control despite intensive ther-
apy with high-dose insulin. Therefore, there is an unmet
need for adjunct therapies to improve glycemic control with-
out increasing the risk of hypoglycemia and body weight
gain.

Sodium-glucose cotransporter 2 (SGLT2) inhibitors have
proven effective as an adjunct-to-insulin therapy in type 1
diabetes. SGLT2 inhibitors improve glycemic control, in-
cluding decreasing glycosylated hemoglobin (HbAlc) and
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glucose variability, maintaining optimal glycemic range, and
preventing hypoglycemia (9). In addition, SGLT2 inhibitors
can reduce body weight and decrease daily
doses (10). SGLT2 inhibitors function by decreasing glucose
reabsorption in the proximal renal tubules, thereby increas-
ing glucose excretion in the urine, a process that is inde-
pendent of endogenous insulin secretion (10, 11). SGLT2 in-
hibitors are thus particularly attractive adjunct therapies to
insulin, particularly in overweight patients with type 1 dia-
betes.

In Japan, two types of SGLT2 inhibitors, dapagliflozin
and ipragliflozin, have been approved for use. The efficacy
and safety of dapagliflozin in type 1 diabetes were initially
evaluated in the Dapagliflozin Evaluation in Patients with
Inadequately Controlled Type 1 Diabetes (DEPICT) clinical
trial, which comprised two studies: DEPICT 1 (24-week
short term plus 28-week extension) (12, 13) and DEPICT 2
(24 weeks) (14). An important adverse event that was noted
was the higher incidence of diabetic ketoacidosis (DKA) in
the dapagliflozin groups than in the placebo groups for both
DEPICT trials. The majority of these DKA cases resulted
from insulin pump failure or a missed insulin dose; one case
resulted from excessive alcohol intake. All events were re-
solved with standard care.

There have been several studies demonstrating the effi-
cacy of SGLT2 inhibitors in adults with type 1 diabetes, but
few have been conducted in young people with type 1 dia-
betes. It is important to evaluate the efficacy of this inhibitor
class in young people because they are susceptible to glyce-
mic dysregulation and body weight gain with intensive insu-
lin therapy alone. This aggravation of glycemic control con-
tributes to the occurrence or progression of microvascular
and macrovascular complications. Therefore, we evaluated
the efficacy of the SGLT2 inhibitor dapagliflozin as an
adjunct-to-insulin therapy in young Japanese subjects diag-
nosed with type 1 diabetes before 15 years old who were
overweight and had inadequate glycemic control despite in-
tensive insulin therapy.

insulin

Materials and Methods

Study population

We enrolled young Japanese subjects with type 1 diabetes
who were diagnosed before 15 years old and were <35
years old at the time of the study. They agreed to receive
dapagliflozin (5 mg daily) as an adjunct therapy to insulin.

The inclusion criteria were as follows: 1) age between 15
and 35 years old; 2) duration of diabetes more than 1 year;
3) body mass index (BMI) more than 25 kg/m’ (15); 4)
HbAlc level over 7.0%; 5) daily insulin requirement more
than 0.5 units/kg; 6) serum C-peptide level less than 0.5 ng/
mL; and 7) existence of B-cell associated autoantibodies at
the time of the diagnosis.

The subjects were treated with either multiple daily injec-
tions of insulin (MDI) using rapid-acting analogs and long-

acting insulin analogs or continuous subcutaneous insulin in-
fusion (CSII) using rapid-acting insulin analogs. No subjects
used sensor-augmented insulin pump. The bolus insulin
doses were determined by a carbohydrate-counting method,
and the basal insulin doses were adjusted to attain self-
monitored fasting plasma glucose (FPG) levels of 90-140
mg/dL. Twelve patients performed self-monitoring of blood
glucose (SMBG), and the mean time of SMBG was 3.7+1.1
(2-6)/day, while 10 patients used intermittently scanned con-
tinuous glucose monitoring (iSCGM) for their glucose man-
agement. The subjects regularly visited the outpatient clinic,
and their FPG, HbAlc, total cholesterol, and low-density
lipoprotein (LDL) cholesterol levels were assessed at least
once every two months. For glucose management, the sub-
jects self-monitored their blood glucose or used sensor-based
flash glucose monitoring (FreeStyle Libre; Abbott Diabetes
Care, Witney, UK).

Study design

This study was a single-center, retrospective observational
study and was conducted between May 2019 and April
2020. After obtaining informed consent from the patients
and parents (for those <20 years old), dapagliflozin (5 mg
daily) was added to insulin as an adjunct therapy. We com-
pared changes in the body weight, BMI, and total daily in-
sulin dose between baseline and 3, 6, and 12 months after
the administration of dapagliflozin. We also compared
changes in the FPG, HbAlc, fasting total cholesterol, and
fasting LDL cholesterol levels during the study period, and
the occurrence of severe hypoglycemia (SH) and DKA was
also assessed. In the 10 patients using iSCGM, changes in
the frequency of time spent in the target glucose range (TIR;
70-180 mg/dL) and time spent below the target glucose
range (TBR; <70 mg/dL) were assessed during the study pe-
riod. Furthermore, we concurrently compared all measured
glycemic indicators between the 3-, 6-, and 12-month peri-
ods. In addition, we compared laboratory data, including the
hemoglobin (Hb) value and liver and renal functions [serum
aspartate (AST),
aminotransferase (ALT), creatinine and uric acid, urinary
microalbumin/creatine ratio, and estimated glomerular filtra-
tion rate (eGFR)], between baseline and the 12-month study
period to evaluate adverse events associated with the use of
dapagliflozin.

Severe hypoglycemia was defined as plasma glucose (PG)
levels <40 mg/dL with impaired consciousness or seizures
necessitating assistance from other persons (16). DKA was
defined as PG levels >200 mg/dL with venous pH <7.3, se-
rum bicarbonate <5 mmol/L, and ketonemia with blood f3-
hydroxybutyrate levels >3 mmol/L. or with moderate or se-
vere ketonuria (17).

The PG concentration was measured using a glucose oxi-
method. HbAlc determined using high-
performance liquid chromatography (reference range: 4.6-
6.1%). Total cholesterol was measured using an enzymatic
method (reference range: 120-220 mg/dL), and LDL choles-

levels of aminotransferase alanine

dase was
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Table 1. Patients’ Characteristics at the Diagnosis.

12/10
25.5+5.1 (16.0-33.9)
13.34.1 (7.0-20.3)

Sex: male/female
Age (years)
Diabetic duration (years)

Body weight (kg) 73.2+6.9 (58.0-82.1)
BMI (kg/m?) 28.4+2.4 (25.0-32.1)
C-peptide (ng/mL) 0.2+0.2 (<0.2-0.4)
Insulin treatment: MDI/CSIT 14/8

Total insulin dose (unit/kg/day) 0.9+0.2 (0.6-1.3)
Ratio of basal inulin/ bolus insulin 0.4+0.2 (0.3-0.6)

BMI: body mass index. MDI: multiple daily injections of insulin, CSII:
continuous subcutaneous insulin infusion

terol was measured using a direct method (reference range:
60-163 mg/dL).

Statistical analyses

The results are expressed as the means+standard deviation
(SD). Two-sided 95% confidence intervals (CIs) for the
mean change from baseline within the groups and for the
difference in mean change between the groups were calcu-
lated. For the analyses, paired #-tests and Welch’s #-test were
used to detect differences within and between groups, re-
spectively. The correlation between groups was evaluated us-
ing Spearman’s rank correlation coefficient. p<0.05 was con-
sidered to indicate statistical significance.

All statistical analyses were performed with the Statistical
Package for Social Science (SPSS) version 25.0 (IBM, Ar-
monk, USA). Regarding the power calculation to detect a
difference in HbAlc of 0.5% between the values at baseline
and study end, using an o error of 0.05 and statistical power
of 80%, a sample size of 17 patients was needed. Conse-
quently, 22 patients were included in the analyses.

Study approval

This study was approved by the Human Ethics Review
Committee of Nihon University Hospital (approval no.
20200901) and was conducted in accordance with the ethi-
cal standards set forth in the 1964 Declaration of Helsinki
and its later amendments.

Results

Clinical background data

Twenty-two young people (12 boys and 10 girls) with
type 1 diabetes were included in the study. All patients con-
tinued the 12-month study without dropping out. Patients’
characteristics at the diagnosis are shown in Table 1. Four-
teen patients were treated with MDI, and 8 were treated
with CSII, with a mean daily total insulin dose of 0.9+0.2
(0.6-1.3) units/kg and a mean ratio of basal insulin/total in-
sulin of 0.4+0.2 (0.3-0.6). No patient had progressive mi-
crovascular or macrovascular complications, autoimmune
thyroiditis, or other autoimmune disease. Three patients had

experienced severe hypoglycemia prior to the study.
Regarding laboratory data, the mean levels of FPG and
HbAlc were 140.8+9.1 (126-162) mg/dL and 8.2% =+0.6%
(7.3-9.5%), respectively. The mean fasting levels of serum
total cholesterol and LDL cholesterol were 248.5+33.2 (189-
298) mg/dL and 146.5£25.6 (110-203) mg/dL, respectively.

Changes in the body weight and BMI at 3, 6, and 12
months after dapagliflozin administration

From baseline, body weight was significantly reduced at
3, 6, and 12 months after administration of dapagliflozin.
The mean changes (95% CI) at 3, 6, and 12 months were
-2.4 kg (-1.4, -3.4, p<0.001), -2.9 kg (-1.4, -4.4, p<0.001),
and -4.4 kg (-2.6, -6.3, p<0.001), respectively (Fig. 1). The
BMI was also significantly reduced during the same period.
The mean changes (95% CI) at 3, 6, and 12 months were
-0.9 kg/m* (0.5, -1.3, p<0.001), -1.1 kg/m* (-0.5, -1.6, p=
0.001), and -1.7 kg/m® (-1.0, -2.4, p<0.001), respectively
(Fig. 2).

Changes in total daily insulin doses at 3, 6, and 12
months after dapagliflozin administration

From baseline, the total daily insulin dose was signifi-
cantly reduced at 3, 6, and 12 months after administration of
dapagliflozin. The mean changes (95% CI) at 3, 6, and 12
months were -0.14 units/kg (-0.08, -0.20, p<0.001), -0.13
units/kg (-0.07, -0.20, p=0.001), and -0.17 units/kg (-0.10,
-0.25, p<0.001), respectively (Fig. 3). The mean basal insu-
lin/total insulin ratio at baseline, 3-, 6-, and 12-month period
was 0.4+0.2 (0.3, 0.6), 0.4+0.3 (0.3, 0.6), 0.4+0.3 (0.3, 0.6)
and 0.4+0.2 (0.3, 0.5), respectively, showing no significant
changes during the study period.

Changes in FPG and HbA1c levels at 3, 6, and 12
months after dapagliflozin administration

From baseline, there was a significant reduction in FPG
levels by dapagliflozin at 3, 6, and 12 months. The mean
changes (95% CI) at 3, 6, and 12 months were -9.6 mg/dL
(-3.5, -15.6, p=0.003), -12.8 mg/dL (-7.3, -18.3, p<0.001),
and -18.7 mg/dL (-11.1, -26.4, p<0.001), respectively
(Fig. 4). HbAlc levels were also reduced by dapagliflozin
during the same period. The mean changes (95% CI) at 3, 6,
and 12 months were -0.38% (-0.18, -0.57, p=0.001), -0.45%
(-0.26, -0.64, p<0.001), and -0.62% (-0.36, -0.87, p<0.001),
respectively (Fig. 5). Two of the 22 patients showed an HbA
1c level of <7.0 by 12 months.

Changes in TIR and TBR in 10 patients using isCGM
at 3, 6, and 12 months after dapagliflozin administra-
tion

The mean frequencies of TIR and TBR at baseline were
42.6£11.3% (23.0-77.0%) and 10.0+£5.4% (5.0-14.0%), re-
spectively. From baseline, there was a significant increase in
TIR by dapagliflozin at 3, 6, and 12 months. The mean
changes (95% CI) at 3, 6, and 12 months were 3.4 (0.5, 6.3,
p=0.026), 5.9 (4.4, 7.4, p<0.001), and 10.3 (7.0, 10.3, p<
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-1
1.5
-2
*
-2.5
-3
3.5
-4
-4.5
° 0 3
BW (SD): kg 73.2 (6.9) 70.9 (5.9)
Change in
BW (SD): kg 2.4 (22)
Figure 1.

6 12 months
70.3 (5.9) 68.8 (6.3)
-2.9 (3.3) 4.4 (4.2)

Changes in body weight at 3, 6, and 12 months after dapagliflozin administration. * vs.

baseline, p<0.001. The solid lines show the changes in the mean of the population.

-0.2

-0.4

-0.6

-0.8

0 3
BMI (SD): mg/dL 28.4 (2.4) 27.5(2.3)
Change in
BMI (SD): kg/m? -0.9 (0.8)

6 12 months
27.3 (2.4) 26.7 (2.6)
-1.1 (1.2) -1.7 (1.6)

Figure 2. Changes in the BMI at 3, 6, and 12 months after dapagliflozin administration. BMI: body
mass index. * vs. baseline, p<0.001, ** vs. baseline, p=0.001. The solid lines show the changes in the

mean of the population.

0.001), respectively (Table 2-A). In contrast, there was no
significant change in TBR due to dapagliflozin at any time-
point (Table 2-B).

Changes in serum total cholesterol and LDL choles-
terol levels at 3, 6, and 12 months after dapagliflozin
administration

From baseline, there was no significant reduction in se-
rum total cholesterol levels with dapagliflozin at 3, 6, or 12
months. The mean changes (95% CI) at 3, 6, and 12 months
were -1.3 mg/dL (1.6, -4.1, p=0.361), -2.4 mg/dL (0.4, -5.2,
p=0.706), and -2.4 mg/dL (0.4, -5.3, p=0.710), respectively.
The serum levels of LDL cholesterol were also not signifi-
cantly reduced with dapagliflozin during the same period.
The mean changes (95% CI) at 3, 6, and 12 months were

-1.8 mg/dL (0.4, -12.0, p=0.096), -2.7 mg/dL (5.5, -5.3, p=
0.057), and -2.6 mg/dL (5.6, -5.4, p=0.061), respectively.

Correlation between the reduction in body weight
and changes in FPG, HbA1c, and total insulin doses
after dapagliflozin administration

In the sub-analysis, we examined the correlation between
the reduction in body weight and changes in FPG, HbAlc,
and total insulin doses at 12 months after dapagliflozin ad-
ministration. There was no significant correlation between
the reduction in body weight and decrease in FPG, HbAlc,
or total insulin dose (r=-0.375, p=0.086 for FPG, r=-0.326,
p=0.138 for HbAlc, r=0.049, p=0.836 for total insulin dose,
respectively).
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-0.05

-0.1

-0.15

-0.2

0 3 6 12 months
ID (SD): unit/kg/day 0.92 (0.19) 0.78 (0.21) 0.79 (0.19) 0.75 (0.19)
Change in
ID (SD): unit/kg/day -0.14 (0.14) -0.13 (0.15) -0.17 (0.17)

Figure 3. Changes in total daily insulin doses at 3, 6, and 12 months after dapagliflozin administra-
tion. ID: insulin dose. * vs. baseline, p<0.001, ** vs. baseline, p=0.001. The solid lines show the chang-

es in the mean of the population.

*

-20

0 3 6 12 months
FPG (SD): mg/dL 140.8 (9.1) 131.2 (13.4) 128.0 (12.9) 122.0 (17.4)
Change in
FPG (SD): mg/dL -9.6 (13.6) -12.8 (12.5) -18.7 (17.3)

Figure 4. Changes in FPG levels at 3, 6, and 12 months after dapagliflozin administration. FPG:
fasting plasma glucose. * vs. baseline, p<0.001, *** vs. baseline, p=0.003. The solid lines show the

changes in the mean of the population.

Occurrence of SH and DKA

No patients experienced SH during the study period, but
one girl (16 years old) developed DKA after using dapagli-
flozin for 2 months. Her body weight was 57.0 kg, with a
BMI of 25.8 kg/m’, and her HbAlc level was 9.3%. She re-
ceived a daily insulin dose of 0.93 units/’kg using MDI. She
was experiencing psychological problems, received guidance
from a psychotherapist, and was prescribed a minor tranquil-
izer. She voluntarily skipped injections of her long-acting in-
sulin for 2 days because of improved SMBG values and ap-
petite loss. She developed DKA with mildly elevated plasma
glucose and B-hydroxybutyrate levels of 380 mg/dL and 6.8
mmoL/L, respectively, as measured at home by self-

monitoring. After recovering from the DKA, she was rein-
structed not to discontinue insulin injections and not to re-
duce insulin doses without physician approval. She under-
stood the instructions and restarted the dapagliflozin adjunc-
tive therapy. She did not experience DKA afterwards and
completed the study as scheduled. Except for this patient, no
patient showed a positive result for urine ketone body dur-
ing the study period.

Adverse events associated with use of dapagliflozin

We compared the liver and renal functions between base-
line and the 12-month study timepoint to evaluate adverse
events associated with the use of dapagliflozin. Hemoglobin
values, serum creatinine and uric acid levels, urinary micro-
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*
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-0.6 %

-0.7

0 3 6 12 months

HbA1lc (SD): % 8.2 (0.6) 7.9 (0.5) 7.8 (0.5) 7.6 (0.5)
Change in
HbAlc (SD): % -0.4 (0.4) -0.5(0.4) -0.6 (0.6)

Figure 5. Changes in HbAlc levels at 3, 6, and 12 months after dapagliflozin administration.
HbAlc: glycosylated hemoglobin. * vs. baseline, p<0.001, ** vs. baseline, p=0.001. The solid lines

show the changes in the mean of the population.

Table 2-A. Changes in the TIR in 10 Patients Using IsCGM at 3,
6, and 12 Months after Dapagliflozin Administration.

Mean TIR (95% CI)  Mean changes (95% CI)  p value
Basal line 42.6 (40.0, 45.2) - -
3 months 46.0 (42.0, 50.0) 3.4(0.5,6.3) 0.026
6 months 48.5 (46.2, 50.8) 5944,74) <0.001
12 months 52.9 (48.8, 57.0) 10.3 (7.0, 13.6) <0.001

TIR: time in range, iSCGM: intermittently scanned continuous glucose monitoring

Table 2-B. Changes in the TBR in 10 Patients Using IsCGM at 3,
6, and 12 Months after Dapagliflozin Administration.

Mean TBR (95% CI)  Mean changes (95% CI)  p value
Basal line 10.0 (8.0, 12.0) - -
3 months 9.6 (7.8, 11.4) -0.4(-1.2,04) 0.269
6 months 9.5(7.3,11.7) -0.5(-1.4,0.4) 0.244
12 months 9.6 (7.3,11.9) -0.4 (-1.1, 0.3) 0.223

TBR: time below range, isCGM: intermittently scanned continuous glucose monitor-

ing

Table 3. Adverse Events Associated with Use of Dapagliflozin.

Baseline 24-month period p value
Hb (g/dL) 13.3+0.7 13.2+0.7 0.1105
AST (U/L) 29.3£9.6 26.2+5.9 0.0298
ALT (U/L) 32.0+7.3 23.8+5.3 0.0001
Creatinine (mg/dL) 0.6+0.8 0.6+0.7 0.4803
Uric acid (mg/dL) 4.1+0.8 4.0+0.7 0.1765
eGFR (mL/min/1.73 m2) 96.1+11.6 94.6+11.6 0.1093
Urine albumin (mg/g-creatinine) 9.9+£3.7 8.4+2.9 0.1559

Urine ketone body

Negative in all patients

Negative in all patients -

Hb: hemoglobin, eGFR: estimated glomerular filtration rate
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albumin/creatinine ratio, and the eGFR did not markedly
differ during the study period, but there was a significant
decrease in the AST and ALT levels at 12 months (from
29.3+9.6 U/mL to 26.2+5.9 U/L in AST, p=0.0298, from 32.
0+7.3 U/L to 23.8+5.3 U/L in ALT, p=0.0001), which may
have been a beneficial effect of the reduction in body weight
after dapagliflozin administration (Table 3). With regard to
clinical adverse events of dapagliflozin, 15 of the 22 patients
experienced polyuria, but none developed clinical dehydra-
tion. One girl suffered from a genital mycotic infection, and
another developed a urinary tract infection, but these infec-
tions were mild. No participants discontinued dapagliflozin
due to adverse events, and all completed the study.

Discussion

Young people with type 1 diabetes have difficulties
achieving optimal glycemic control because of growth
hormone-induced insulin resistance as well as their irregular
lifestyles and dietary habits. Intensive insulin therapy, such
as MDI and CSII, has been shown to be the only means for
effectively improving glycemic control in young people with
type 1 diabetes. However, fear of hypoglycemia and body
weight gain are often barriers to achieving optimal insulin
therapy (18). Therefore, adjunct therapies to achieve ade-
quate glycemic control without the risks of hypoglycemia or
body weight gain are required. Most adjunct therapies are
not helpful in type 1 diabetes. However, one adjunct therapy
to achieve satisfactory outcomes may involve SGLT2 inhibi-
tors.

SGLT?2 inhibitors reduce reabsorption of glucose and in-
crease its urinary excretion according to plasma glucose lev-
els (19). The risk of occurrence of hypoglycemia is low, as
they naturally stop working when the filtered glucose load
falls under 80 g daily and do not interfere with metabolic
counterregulation (20). A previous animal-model study dem-
onstrated that SGLT2 is expressed on pancreatic o-cells, and
SGLT2 inhibitors increase glucagon secretion and hepatic
gluconeogenesis (21). SGLT2 inhibitors are available as ad-
junct therapies for type 1 diabetes in several countries, in-
cluding European countries, USA, Korea, Thailand, and Ja-
pan. In the present study, we used the SGLT2 inhibitor da-
pagliflozin, which has been approved for adjunctive use with
insulin in Japan. A recent randomized, placebo-controlled
study with dapagliflozin added to intensive insulin therapy
in patients with inadequately controlled type 1 diabetes
demonstrated effective reduction in HbAlc to -0.4% at 6
months and -0.3% at 12 months and increased time-in-range
(70-180 mg/dL) without increasing the time below range
(<70 mg/dL) (12-14). Treatment was well tolerated with
similar frequencies of hypoglycemia to those observed for a
TBR of less than 10% The overall adverse events profile
was consistent with that observed in type 2 diabetes (12-14).
It was also reported that the total daily insulin dose was re-
duced by -11.0% with moderate weight loss (-3.2% at 6
months and -3.5% at 12 months) (22). Recent studies have

also shown more time spent in the optimal glucose range
with the adjunct use of dapagliflozin without significant
changes in the insulin dose (23, 24).

In the present study, we found significant improvements
in glycemic control with decreased FPG and HbAlc levels
and increased TIR using dapagliflozin as adjunct therapy for
12 months in Japanese young people with type 1 diabetes.
Reductions in body weight and insulin requirement were
also significant. These results corroborate those reported in
previous Caucasian studies and show a beneficial effect of
adjunct therapy of dapagliflozin in young people with type 1
diabetes, (13, 14, 17, 22); however, there was no change in
TBR despite an increase in TIR. Several reports demon-
strated an improved TIR without an increasing
TBR (14, 24), and our results agree with those reported in
previous studies. Furthermore, SGLT2 inhibitors can report-
edly improve glycemic control and decrease daily insulin
doses the body
weight (9, 10, 12-14), but we did not note any correlation
between the reduction in body weight and changes in any
glycemic indicators.

Garg et al. reported that prandial and meal-associated in-
sulin levels were largely reduced in clinical trials with SGLT
2 inhibitors (25), whereas some studies showed that a pro-
portional dose reduction was similarly seen for both basal
and bolus insulin (12, 14), namely, the basal insulin doses
were primarily reduced basal insulin doses (26). In the pre-
sent study, the basal insulin/total insulin ratio did not mark-
edly differ before and after administration of dapagliflozin,
so we considered that both the bolus and basal insulin doses
decreased to the same extent. In obese and uncontrolled pa-
tients, both insulin doses may be reduced with dapagliflozin,
as it can reduce both meal-associated hyperglycemia and
FPG (12, 14, 25).

We did not evaluate the change in frequency of hypogly-
cemia in detail, but the TBR decreased and problematic hy-
poglycemic events did not occur during the study period.
Young people are unlikely to maintain optimal glycemic lev-
els despite intensive insulin therapy, and they tend to be
overweight due to high-dose insulin. Even the low dose of
dapagliflozin (5 mg) used in the present study was effective
in improving glycemic control with a reduction in body
weight and decrease in the insulin dose in overweight pa-
tients with uncontrolled type 1 diabetes. Therefore, the ad-
junctive use of dapagliflozin can be a beneficial option in
young people with type 1 diabetes when insulin alone does
not provide adequate glycemic control and promotes body
weight increases concomitant with increased insulin doses.

Several studies of SGLT2 inhibitors with large sample
sizes have shown that SGLT?2 inhibitors increase LDL cho-
lesterol levels (27-29). Increased LDL cholesterol might in-
crease atherogenic risk in patients treated with SGLT-2 in-
hibitors. Conversely, the majority of studies have demon-
strated that SGLT-2 inhibitors reduce triglycerides (TGs) and
elevate high-density lipoprotein cholesterol levels, which de-
crease atherogenic risk (29-31). TG-lowering drugs, such as

concomitant with a reduction in
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fibrates and omega-3 fatty acids, are likely to increase LDL
cholesterol, probably because they reduce lipid transfer be-
tween TG-rich lipoproteins, TGs, and LDL cholesterol (32).
These findings were observed in adults with type 2 diabetes;
however, we did not note any significant changes in the se-
rum levels of total cholesterol or LDL cholesterol in the pre-
sent study. Furthermore, high-density lipoprotein cholesterol
levels were not evaluated in the present study.

An important adverse event in the use of SGLT2 inhibi-
tors is the occurrence of DKA. Several reports have indi-
cated a high incidence of DKA when using dapagliflozin
and other SGLT2 inhibitors in large clinical tri-
als (9, 12-14, 33). Both DEPICT trials using dapagliflozin
reported a higher incidence of DKA in patients administered
dapagliflozin than in those administered placebo: 2.2-3.4%
in the 10 mg dapagliflozin group, 2.6-4.0% in the 5 mg da-
pagliflozin group, and 0-1.9% in the placebo group (12-14).
Thus, the incidence of DKA appears to be dose-dependent.
The majority of cases resulted from failure of CSII or
missed insulin doses, and one case was caused by excessive
alcohol intake. Some recent studies have also shown a sig-
nificant increase in the risk of DKA (34-36). Some study
patients with DKA had only slightly elevated glucose levels,
referred to as euglycemic DKA. SGLT2 inhibitors may fail
to suppress lipolysis and ketogenesis even if plasma glucose
levels are not elevated (37, 38). Decreased renal clearance of
ketone bodies is another mechanism underlying the aggrava-
tion of ketoacidosis. In this condition, the recognition, diag-
nosis, and treatment of DKA may be substantially delayed.
Advanced Technologies & Treatments for Diabetes (ATTD)
proposed an international consensus concerning the risk
management of DKA, including appropriate points for the
diagnosis, risk factors, and treatment in patients with type 1
diabetes treated with SGLT2 inhibitors (39). According to
this international consensus, reduced carbohydrate/calorie in-
take, cessation of insulin or its inappropriate reduction, and
female sex are risk factors for DKA related to SGLT2 in-
hibitor use, which are consistent with the characteristics of
our DKA case. Our patient was also experiencing mental
health issues, associated with a reduced adherence to dia-
betic management and non-compliance to basal-insulin in-
jections. Lower doses of SGLT?2 inhibitors are known to be
related to lower risks of DKA (13, 14); however, in our
case, DKA was observed despite treatment with the lowest
dose of dapagliflozin (5 mg). The international consensus by
ATTD did not include a young age as a potential risk factor
for DKA (39); however, young people might be prone to de-
veloping DKA because they tend to have an irregular life-
style and to fail their diabetes management. It is necessary
to educate patients about the risk factors, monitoring, and
management of DKA before initiation of dapagliflozin ther-
apy. It is particularly important to inform patients with type
1 diabetes that insulin supplementation and carbohydrate in-
take are essential for adjunctive treatment with SGLT2 in-
hibitors (39). With regard to other adverse events, 15 of the
22 patients experienced polyuria, but none developed clini-

cal dehydration, and only 1 girl suffered from a genital my-
cotic infection, while another developed a urinary tract in-
fection. The frequency of genital and urinary tract infection
was lower than previously reported (9, 12-14), and there has
been no report describing an increase in infections in young
people with type 1 diabetes. Huang et al. (40) reported that
the use of dapagliflozin in patients with type 1 diabetes in-
creased the risk of total adverse events compared with pla-
cebo but did not increase the risks of infection, DKA, or
discontinuation due to adverse events in the meta-analysis of
randomized controlled trials.

Several strengths associated with the present study war-
rant mention. First, the study subjects included young peo-
ple with type 1 diabetes and BMIs greater than 25 who
were expected to show substantial insulin resistance com-
pared with leaner subjects and senior ones. Furthermore,
their conditions were inadequately controlled even with in-
tensive insulin therapy. Patients who are overweight with in-
adequate disease control despite receiving optimal insulin
therapy are recommended as candidates for the use of ad-
junct SGLT2 inhibitors (41, 42). Second, we used the lowest
reported dose of dapagliflozin, which is known to minimize
adverse events, including DKA. Even this low dose of da-
pagliflozin proved effective in improving glycemic control
and decreasing insulin requirements with reduced body
weight management and minimum adverse events.

However, several limitations associated with the present
study also warrant mention. First, this study was a single-
center, retrospective, and observational study. The number of
subjects was small. In addition, there was no control groups.
Therefore, this study might be insufficient to conclude the
efficacy of the SGLT2 inhibitor in young people with type 1
diabetes, and it will be necessary to corroborate the results
with a larger number of subjects in a prospective multicenter
study with control arms. Second, the study period was only
one year, and adverse events could not be sufficiently as-
sessed in such a short period. To address the issue of the
long-term effects and safety, a longer observation period will
be necessary in future studies. Third, we did not evaluate
the frequency of mild-to-moderate hypoglycemia because
we did not analyze detailed SMBG data and sensor-based
flash glucose monitoring. Severe hypoglycemia was only
evaluated according to recognized clinical symptoms and
glucose levels <40 mg/dL. It is favorable to monitor mild-
to-moderate hypoglycemia using continuous glucose moni-
toring with an alarm system. Fourth, we did not study the
efficacy or safety of another SGLT2 inhibitor, ipragliflozin,
which has been approved for use in type 1 diabetes in Ja-
pan. Miyauchi et al. (43) reported a case with atypical DKA
and protracted hyperglycosuria after treatment with ipragli-
flozin. It will be necessary to examine the efficacy and
safety, particularly regarding the occurrence of euglycemic
DKA, of ipragliflozin among young Japanese subjects with
type 1 diabetes. Finally, we did not encounter any patients
with psychological problems or poor adherence to diabetic
management. However, some young people with type 1 dia-
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betes are unlikely to conduct regular injections of insulin
and SMBG (7). These events might influence the efficacy of
the treatment.

In conclusion, adjunct therapy with a low dose of the
SGLT2 inhibitor dapagliflozin in Japanese young people
with type 1 diabetes who were overweight with poorly con-
trolled disease improved glycemic control and decreased in-
sulin requirements, accompanied by a reduced body weight
with the absence of problematic adverse events. Young peo-
ple with type 1 diabetes are likely to gain body weight and
not achieve optimal glycemic control, even with intensive
therapy of high-dose insulin. Therefore, the use of low-dose
dapagliflozin may be effective and safe as an adjunctive
therapy in young people with type 1 diabetes.

Author’s disclosure of potential Conflicts of Interest (COI).
Tatsuhiko Urakami: Honoraria, Novo Nordisk Pharma, Eli Lilly
Japan, Abbott Japan, Terumo, and JCR Pharmaceuticals.

References

1. Han JC, Lawlor DA, Kimm SY. Childhood obesity. Lancet 375:
1737-1748, 2010.

2. Liu LL, Lawrence JM, Davis C, et al. Prevalence of overweight
and obesity in youth with diabetes in USA: the SEARCH for Dia-
betes in Youth study. Pediatr Diabetes 11: 4-11, 2010.

3. Pozzilli P, Guglielmi C, Caprio S, Buzzetti R. Obesity, autoimmu-
nity and double diabetes in youth. Diabetes Care 34: S166-S170,
2011.

4. Giuffrida FMA, Bulcao C, Cobas RA, Negrato CA, Gomes MB,
Dib SA; on behalf of the Brazilian Type 1 Diabetes Study Group
(BrazDiab1SG). Double-diabetes in a real-world sample of 2711
individuals: associated with insulin treatment or part of the hetero-
geneity of type 1 diabetes? Diabetol Metab Syndr 8: 28, 2016.

5. Amiel SA, Sherwin RS, Simonson DC, Lauritano AA, Tamborlane
WV. Impaired insulin action in puberty: a contributing factor to
poor glycemic control in adolescents with diabetes. N Engl J Med
315: 215-219, 1986.

6. Bloch CA, Clemons P, Sperling MA. Puberty decreases insulin
sensitivity. J Pediatr 110: 481-487, 1987.

7. Cameron FJ, Garvey K, Hood KK, Acerini CL, Codner E. ISPAD
clinical practice consensus guidelines 2018: diabetes in adoles-
cence. Pediatr Diabetes 19: 250-261, 2018.

8. Pozzilli P, Guglielmi C. Double diabetes: a mixture of type 1 and
type 2 diabetes in youth. Endocr Dev 14: 151-166, 2019.

9. Evans M, Hicks D, Patel D, Patel V, McEwan P, Dashora U. Opti-
mising the benefits of SGLT2 inhibitors for type 1 diabetes. Dia-
betes Ther 11: 37-52, 2020.

10. Ferrannini E, Solini A. SGLT?2 inhibition in diabetes mellitus: ra-
tionale and clinical prospects. Nat Rev Endocrinol 8: 495-502,
2012.

11. Vallon V. The mechanisms and therapeutic potential of SGLT?2 in-
hibitors in diabetes mellitus. Annu Rev Med 66: 255-270, 2015.
12. Dandona P, Mathieu C, Phillip M, et al.; on behalf of the
DEPICT-1 Investigators. Efficacy and safety of dapagliflozin in
patients with inadequately controlled type 1 diabetes (DEPICT-1):
24 week results from a multicentre, double-blind, phase 3, ran-
domised controlled trial. Lancet Diabetes Endocrinol 5: 864-876,

2017.

13. Dandona P, Mathieu C, Phillip M, et al.; on behalf of the
DEPICT-1 Investigators. Efficacy and safety of dapagliflozin in
patients with inadequately controlled type 1 diabetes: the DEPICT-

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

185

1 52-week study. Diabetes Care 41: 2552-2559, 2018.

Mathieu C, Dandona P, Gillard P, et al.; on behalf of the DEPICT-
2 Investigators. Efficacy and safety of dapagliflozin in patients
with inadequately controlled type 1 diabetes (the DEPICT-2
study): 24-week results from a randomized controlled trial. Diabe-
tes Care 41: 1938-1946, 2018.

Guidelines for the Management of Obesity Disease 2016. Japan
Society for the Study of Obesity, Ed. Life Science Publishing, To-
kyo, 2016.

Abraham MB, Jones TW, Naranjo D, et al. ISPAD clinical prac-
tice consensus guidelines 2018: assessment and management of
hypoglycemia in children and adolescents with diabetes. Pediatr
Diabetes 19: 178-192, 2018.

Wolfsdorf JI, Glaser N, Agus M, et al. ISPAD clinical practice
consensus guidelines 2018: diabetic ketoacidosis and the hypergly-
cemic hyperosmolar state. Pediatr Diabetes 19: 155-177, 2018.
Danne T, Phillip M, Buckingham BA, et al. ISPAD clinical prac-
tice consensus guidelines 2018: insulin treatment in children and
adolescents with diabetes. Pediatric Diabetes 19: 115-135, 2018.
DeFronzo RA, Hompesch M, Kasichayanula S, et al. Characteriza-
tion of renal glucose reabsorption in response to dapagliflozin
heathy subjects and subjects with type 2 diabetes. Diabetes Care
36: 3169-3176, 2013.

Vallon V, Thompson SC. Targeting renal glucose reabsorption to
treat hyperglycemia: the pleiotropic effects of SGLT2 inhibition.
Diabetologia 60: 215-225, 2017.

Bonner C, Kerr-Conte J, Gmyr V, et al. Inhibition of the glucose
transporter SGLT2 with dapagliflozin in pancreatic alpha cells
triggers glucagon secretion. Nat Med 21: 512-517, 2015.
McCrimmon RJ, Henry RR. SGLT inhibitor adjunct therapy in
type 1 diabetes. Diabetilogia 61: 2126-2133, 2018.

Mathieu C, Dandona P, Phillip M, et al. Glucose variables in type
1 diabetes studies with dapagliflozin: pooled analysis of continu-
ous glucose monitoring data from DEPICT-1 and -2. Diabetes
Care 42: 1081-1087, 2019.

Suzuki D, Yamada H, Yoshida M, et al. Sodium-glucose cotrans-
porter 2 inhibitors improved time-in-range without increasing hy-
poglycemia in Japanese patients with type 1 diabetes: a retrospec-
tive, single-center, pilot study. J Diabetes Investig 11: 1230-1237,
2020.

Garg SK, Henry RR, Banks P, et al. Effects of sotagliflozin added
to insulin in patients with type 1 diabetes. N Engl J Med 377:
2337-2348, 2017.

Perkins BA, Cherney DZ, Partridge H, et al. Sodium-glucose co-
transporter 2 inhibition and glycemic control in type 1 diabetes:
results of an 8-week open-label proof-of-concept trial. Diabetes
Care 37: 1480-1483, 2014.

Ptaszynska A, Hardy E, Johnsson E, Parikh S, List J. Effects of
dapagliflozin on cardiovascular risk factors. Postgrad Med 125:
181-189, 2013.

Hach T, Gerich J, Salsali A, et al. Empagliflozin improves glyce-
mic parameters and cardiovascular risk factors in patients with
type 2 diabetes (T2DM): pooled data from four pivotal phase III
trials. Diabetol Stoffwechs 9: 142, 2014.

Hayashi T, Fukui T, Nakanishi N, et al. Dapagliflozin decreases
small dense low-density lipoprotein-cholesterol and increases high-
density lipoprotein 2-cholesterol in patients with type 2 diabetes:
comparison with sitagliptin. Cardiovasc Diabetol 16: 8, 2017.
Inzucchi SE, Zinman B, Wanner C, et al. SGLT-2 inhibitors and
cardiovascular risk: proposed pathways and review of ongoing out-
come trials. Diab Vasc Dis Res 12: 90-100, 2015.

Nauck MA. Update on developments with SGLT2 inhibitors in the
management of type 2 diabetes. Drug Des Devel Ther 8: 1335-
1380, 2014.

Berneis KK, Krauss RM. Metabolic origins and clinical signifi-
cance of LDL heterogeneity. J Lipid Res 43: 1363-1379, 2002.



Intern Med 62: 177-186, 2023 DOI: 10.2169/internalmedicine.9632-22

33.

34.

35.

36.

37.

38.

39.

Peters AL, McGuire K, Danne T, et al. Diabetic ketoacidosis and
related events with sotagliflozin added to insulin in adults with
type 1 diabetes: a pooled analysis of the tandem 1 and 2 studies.
Diabetes Care 43: 2713-2720, 2020.

Rosenstock J, Marquard J, Laffel LM, et al. Empagliflozin as ad-
junctive to insulin therapy in type 1 diabetes: the EASE trials.
Diabetes Care 41: 2560-2569, 2018.

Sands AT, Zambrowicz BP, Rosenstock J, et al. Sotagliflozin, a
dual SGLT1 and SGLT2 inhibitor, as adjunct therapy to insulin in
type 1 diabetes. Diabetes Care 38: 1181-1188, 2015.

Henry RR, Thakkar P, Tong C, Polidori D, Alba M. Efficacy and
safety of canagliflozin, a sodium-glucose cotransporter 2 inhibitor,
as add-on to insulin in patients with type 1 diabetes. Diabetes
Care 38: 2258-2265, 2015.

Lijenquist JE, Bomboy JD, Lewis SB, et al. Effects of glucagon
on lipolysis and ketogenesis in normal and diabetic men. J Clin
Invest 53: 190-197, 1974.

Kibbey RG. SGLT-2 inhibition and glucagon: cause for alarm?
Trends Endocrinol Metab 26: 337-338, 2015.

Danne T, Garg S, Peters AL, et al. International consensus on risk
management of diabetic ketoacidosis in patients with type 1 diabe-

40.

41.

42.

43.

tes treated with sodium-glucose cotransporter (SGLT) inhibitors.
Diabetes Care 42: 1147-1154, 2019.

Huang Y, Jiang Z, Wei Y. Efficacy and safety of the SGLT2 in-
hibitor dapagliflozin in type 1 diabetes: a meta-analysis of ran-
domized controlled trials. Ther Med 21: 382, 2021.

European Pharmaceutic Review. EMA accepts marketing authori-
zation for Forxiga in adults with type-1 diabetes 2019 [Internet].
[cited 2022 Feb 20]. Available from: https://www.europeanpharma
ceutivalreview.com/news/73381/ema-forxiga-type-1-diabetes/.
European Medicines Agency. Forxiga: EPA - medicine overview
2019 [Internet]. [cited 2022 Feb 20]. Available from: https://www.
ema.europaeu/en/documents/overview/forxiga-epar-medicine-overvi
ew_en.pdf.

Miyauchi M, Toyoda M, Fukazawa M. Atypical ketoacidosis and
protracted hyperglycosuria after treatment with ipragliflozin, an
SGLT?2 inhibitor. Intern Med 56: 1673-1678, 2017.

The Internal Medicine is an Open Access journal distributed under the Creative

Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To

view the details of this license, please visit (https://creativecommons.org/licenses/
by-nc-nd/4.0/).

© 2023 The Japanese Society of Internal Medicine
Intern Med 62: 177-186, 2023

186



