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Introduction
Background and rationale

Type 1 diabetes mellitus is a disorder characterized by absolute 
insulin deficiency, mainly due to autoimmune-mediated destruc-
tion of pancreatic β-cells. Although the cause of pancreatic β-cell 
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ABSTRACT

BACkGROuND: The safe method of instructing insulin dose reduction in combination with SGLT2 inhibitors, dapagliflozin for patients with 
type 1 diabetes mellitus has not been clarified. In this study, we conducted a stratified, 2-arm, parallel comparative study with the primary 
endpoint of decreasing the frequency of hypoglycemia by instructing basal insulin dose reduction.

MeThODS: The study has a multicenter, open-label, 2-arm design; 60 type 1 diabetes mellitus patients are being recruited from 7 hospitals. 
Study subjects have been stratified into 2 groups based on the ratio of basal insulin daily dose (Basal) to total daily insulin dose (TDD). The 
subjects whose Basal/TDD ratio is <0.4 are instructed not to reduce Basal but to reduce bolus insulin dose by 10% (group A), and subjects 
with a Basal/TDD ratio >0.4 will be instructed to reduce Basal by 10% (group B). The primary outcome is the daily frequency of hypoglyce-
mia during the intervention period (SGLT2 inhibitor administration), as determined by self-monitoring of blood glucose. We aimed to confirm 
a greater reduction in frequency of hypoglycemia in group B (reduced Basal), than in group A (non-reduction of Basal and reduced insulin 
effect levels by 10%). Baseline hypoglycemia was set at 7 ± 6 times/month. The minimum sample size required to achieve a significance of 
.05 for a 1-sided t-test with a statistical power at 80% is determined. When the sample size is 26 patients in 1 group, the percentage increase 
in hypoglycemia exceeds 60%, and the sample size is considered sufficient.

DISCuSSION: In this pilot study, we assumed that, given a sufficient Basal, hypoglycemia would be more frequent in patients with type 1 
diabetes when combined with SGLT2 inhibitors, provided the Basal was not reduced.
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destruction has not been completely elucidated, susceptibility 
genes and environmental factors have been implicated.1 The 
number of patients with type 1 diabetes and absolute insulin defi-
ciency is estimated to be approximately 100 000 to 140 000 in 
Japan. The age of onset is mainly from childhood to adolescence, 
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and in Japan, the incidence rate in persons aged 0 to 19 years is 
4.4/1000.2

Because the hallmark of type 1 diabetes is absent or near-
absent β-cell function, insulin treatment is essential for indi-
viduals with type 1 diabetes.3 Insufficient provision of insulin 
causes not only hyperglycemia but also systematic metabolic 
disturbances, such as hypertriglyceridemia and ketoacidosis, as 
well as tissue catabolism.3 Over the past 3 decades, evidence 
has accumulated supporting multiple daily injections of insulin 
or continuous subcutaneous administration through an insulin 
pump to provide the best combination of effectiveness and 
safety for people with type 1 diabetes.3 Insulin therapy consists 
of basal insulin to maintain stable blood glucose levels and 
bolus insulin to control postprandial hyperglycemia and correct 
hyperglycemia, if necessary. The establishment of appropriate 
amounts of basal insulin for patients with type 1 diabetes who 
run out of their own insulin secretion is recommended. 
According to the literature, the total basal insulin dose is 
approximately 50% of the total daily insulin dose (TDD).4-7 
Recently, Kuroda investigated the basal insulin requirement in 
C-peptide-negative patients with type 1 diabetes7 and demon-
strated that the basal insulin requirement is approximately 30% 
TDD in inpatients on diets prepared by a dietitian.7 In addi-
tion, the maximal basal insulin requirement in all patients was 
43.8% TDD, and no patients required 50% TDD.7 Recently, 
King8 also suggested that this should be revised as follows: 
“total daily basal insulin = 0.4 × TDD,” to prevent excess basal 
insulin treatment. Based on these reports,7,8 we hypothesized 
that the ideal basal insulin level in Asians is 30% to 40%. Based 
on this process, we hypothesized that a basal insulin level of 
40% or higher would increase the risk of hypoglycemia during 
concomitant use of SGLT2 inhibitors because of excessive 
basal insulin levels.

Injectable and oral glucose-lowering drugs have been stud-
ied for their efficacy as adjuncts to insulin-based treatment of 
type 1 diabetes.3 Therapy with only insulin may cause increased 
body weight, especially in patients with type 1 diabetes and 
excess carbohydrate intake, which increases the risk of macro-
vascular complications.9 In contrast, although low-carbohy-
drate diets can reduce the total insulin dose and the number of 
self-injections, they can result in nutritional imbalances.10 
Increased mean body mass index (BMI) reported in patients 
with type 1 diabetes11 also increases the risk of cardiovascular 
disorders. Recently, the sodium–glucose cotransporter 2 
(SGLT2) inhibitor dapagliflozin, in combination with insulin 
therapy, was approved for the treatment of type 1 diabetes.12 
SGLT2 inhibitors reduce hyperglycemia via insulin-independ-
ent mechanisms by increasing glucose elimination via the kid-
neys.12 Eight clinical trials have been published on the use of 
SGLT2 inhibitors as an adjunctive therapy for type 1 diabetes, 
in which glycated hemoglobin A1c (HbA1c), insulin dose, and 
body weight were decreased.13-19 The addition of an SGLT2 
inhibitor to insulin therapy has been associated with improve-
ments in HbA1C and body weight when compared 

with insulin alone.20-23 Thus, SGLT2 inhibitors prevent cardi-
ovascular complications in patients with type 1 diabetes melli-
tus, as reported in patients with type 2 diabetes mellitus.14,24

However, SGLT2 inhibitor use is also associated with more 
adverse events, including hypoglycemia and ketoacidosis. There 
is a knowledge gap regarding the prevention of ketoacidosis or 
hypoglycemia risk in real-world practice. Hypoglycemia is an 
important determinant of glycemic control in the treatment of 
type 1 diabetes.25 Many patients with type 1 diabetes struggle 
to achieve glycemic control and experience significant fluctua-
tions in blood glucose levels despite insulin treatment.12,26 In 
randomized trials, SGLT2 inhibitors demonstrated significant 
reductions in HbA1c, glucose exposure, and measures of glyce-
mic variability as well as increased time in the target glycemic 
range when administered as an adjunct to insulin.12

To prevent hypoglycemia, many patients with type 1 diabe-
tes consider reducing the basal insulin dose, which may affect 
glycemic control. While the addition of SGLT2 inhibitors may 
reduce the risk of hypoglycemia, their use has been reported to 
increase the frequency of ketoacidosis.17 Therefore, reducing 
the insulin dose to prevent hypoglycemia during adjunctive 
SGLT2 inhibitor treatment may increase the risk of ketoacido-
sis, whereas maintaining the same insulin dose in order to pre-
vent ketoacidosis may increase the risk of hypoglycemia. An 
algorithm for insulin adjustment would be beneficial when 
combining SGLT2 inhibitor treatment with insulin in patients 
with type 1 diabetes mellitus.

Objectives

We aim to explore whether the reduction of the basal insulin 
dose combined with SGLT2 inhibitors in patients with type 1 
diabetes can reduce the frequency of hypoglycemia. We 
hypothesize that with an adequate basal insulin dose, the fre-
quency of hypoglycemia will be higher if the basal insulin dose 
is not reduced when combined with an SGLT2 inhibitor.

Trial design

Parallel group and exploratory.

Methods: Participants, Interventions, and Outcomes
Study setting

This is a multicenter, open-label, non-randomized, exploratory, 
prospective, interventional study (Figure 1). The subjects are strat-
ified into 2 groups based on the ratio of basal insulin (Basal) to the 
total daily insulin dose (TDD) (Basal/TDD, <0.4 or ⩾0.4). The 
instructions for the study subjects are shown in Table 1.

Eligibility criteria

In line with the objectives of the study and to ensure the safety 
of the subjects, the inclusion and exclusion criteria explained in 
Table 2 were established. To appropriately evaluate the efficacy 
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Figure 1. The study design. The study subjects are stratified into 2 groups based on the ratio of basal insulin (Basal) to the total daily insulin dose (TDD) 

(Basal/TDD, <0.4 or ⩾0.4). The study does not involve randomization of the participants.

Table 1. Protocol therapy.

1. Insulin self-titration according to the algorithm

2. Recommendation of drinking water

 (a) Recommend drinking 1.5 L/day of water, if the study subjects do not have complication

 (b) Recommend drink water according to the instruction by the attending physician, if the study subjects have any complications

3. Symptoms of and coping with ketoacidosis*

  (a) Measure plasma beta-hydroxybutyric acid

 (b) Consult the attending physician if the plasma beta-hydroxybutyric acid is 600 μmol/L or higher

4. Coping at the sick day or when the study subjects cannot receive emergency consultation

 (a) Consider ketoacidosis even if plasma glucose level is normal

 (b) Measure plasma beta-hydroxybutyric acid every 3 to 4 hours

 (c) Intake 30 to 60 g of carbohydrate and 200 to 500 mL of water

 (d) Inject bolus insulin

 (e) Avoid excess insulin reduction

 (f) Call ambulance if abdominal pain, nausea, vomiting, lassitude, respiratory distress, etc. are not improved

5. Criteria of dapagliflozin withdrawal

 (a) Consult the attending physician at physical deconditioning or sick day

6. Coping at emergency consultation

 (a)  Despite the plasma glucose, self-measured plasma beta-hydroxybutyric acid is 1000 μmol/L or higher, and ketoacidosis-related 
symptoms are not improved

 (b) Despite the plasma glucose and self-measured plasma beta-hydroxybutyric acid, physical deconditioning is not improved

 (c)  The study subjects bring card to indicate that they are patients with type 1 diabetes mellitus and are administrating SGLT2 inhibitor at 
receiving emergency consultation

*The diagnosis of ketoacidosis should be done at the medical consultation in the clinical institutions despite the presence/absence of subjective symptoms and plasma 
glucose.
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of the study drugs, patients who require a legal representative 
are excluded.

Who will take informed consent?

In general, informed consent form is used to obtain participants’ 
consent before they join the study. Investigators use informed 

consent form approved by the certified review board to provide 
adequate explanations to patients and confirm their full under-
standing of the contents provided before obtaining their written 
consent. Only patients who are able to give their consent in writ-
ing are included in this study. Those patients who need their 
legal representative’s consent is not allowed to participate.

Table 2. Inclusion and exclusion criteria.

INCLUSION CRITERIA

PATIENTS wHO MEET ALL OF THE FOLLOwING CRITERIA ARE INCLUDED IN THIS STUDY

1 Outpatients in the research institutions in this study who are diagnosed as type 1 diabetes mellitus before 6 months or more of 
giving their consent

2 Patients who have conducted the intensive insulin therapy involving multiple daily injections or continuous subcutaneous insulin 
infusion for 1 year or longer

3 Patients who are well educated in carbohydrate counting, and who can conduct insulin self-titration

4 Patients with good understanding of the disease and capability to recognize DKA (symptoms and use of ketone meter)

5 Male and female aged 20 years or older and younger than 80 years when giving their consent

6 Patients who provide their consent in a written form

Rationale for the inclusion criteria:
1 to 3: for the appropriate evaluation of the efficacy outcomes in the RISING-STAR study.
4: for the safety of the study subjects in a real-world situation.
5: for the free-will participation of the study subjects.

ExCLUSION CRITERIA

PATIENTS wHO FALL INTO ANY OF THE FOLLOwING CRITERIA ARE ExCLUDED FROM PARTICIPATING IN THE STUDY

1 Patients who use SGLT2 inhibitor at giving their content

2 Patients whose eGFR is less than 45 mL/min/1.73 m2

3 Patients whose activities of daily living (ADL) is PS2 or higher

4 Patients with dementia or cognitive impairment

5 Patients whose BMI is less than 18.5 kg/m2

6 Patients who provide their consent in a written form

7 Patients with history of cardiovascular diseases (myocardial infarction, heart failure, and angina) within 3 months before giving their 
consent

8 Patients whose HbA1c is 10.5% or higher

9 Patients who had hypoglycemia 14 times or more within 4 weeks before giving their consent

10 Patients with anemia (male: Hb is 13 g/dL or less, female: Hb is 12 g/dL or less), hypoalbuminemia (serum albumin is 3.5 g/dL or 
less), or nephrotic syndrome (urinary protein is 3.5 g/day or more, and serum albumin is 3.0 g/dL or less) caused by primary 
diseases other than diabetic nephropathy

11 Patients who are breastfeeding, pregnant, possibly pregnant, or planning to be pregnant

12 Patients with cancer. However, those who have completed treatment and/or show no redevelopment of cancer, as well as manifest 
some degree of remission can be considered to be participants of this study

13 Patients who meet the contraindication of the study agent

14 Patients who are conducting diet therapy with carbohydrate of less than 40%

15 Patients with poor adherence judged by the attending physician

16 Patients with other conditions that the responsible investigator/sub investigator thinks inappropriate to participate in the study
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Additional consent provisions for collection and use 
of participant data and biological specimens

Not applicable.

Interventions
Explanation for the choice of comparators

The randomized assignment is not conducted in the study. 
Basal/TDD at giving their consent is used to stratify the study 
subjects to the Group A or the Group B.

[Group A] Study subjects reduce the basal insulin dose by 
0% (instructed to reduce bolus insulin dose).

Subjects whose Basal/TDD ratio is <0.4 are instructed not 
to reduce basal insulin dose but to reduce bolus insulin dose by 
10%. The 10% reduction of the bolus insulin dose is based on a 
90% carbohydrate insulin ratio (CIR), and it is rounded to the 
nearest whole number where insulin therapy involves multiple 

daily injections (MDI) or rounded down to 2 decimal places in 
cases of continuous subcutaneous insulin infusion (CSII). The 
study subjects are instructed to follow this instruction for 3 days 
from the start of the intervention. After the fourth day, subjects 
can titrate both the basal and bolus dose according to the 
“Algorithm for Basal Insulin Titration after SGLT2 adminis-
tration (Figure 2)” and “Algorithm for Bolus Insulin Titration 
after SGLT2 administration (Figure 3).”

[Group B] Study subjects are instructed to reduce basal 
insulin by 10%.

Study subjects whose Basal/TDD is ⩾0.4 are instructed to 
reduce the total insulin dose by 10%, reducing the basal insulin 
dose only. The dose of basal insulin is rounded down to 1 deci-
mal place in cases of MDI or to 2 decimal places in cases of 
CSII. The study subjects are instructed to follow this instruc-
tion for 3 days from the start of the intervention. After the 
fourth day, subjects can titrate both the basal and bolus dose 

Figure 2. Algorism for basal insulin titration after SGLT2 administration. The study subjects are to follow the dosing instruction for 3 days from the start of 

the intervention, after which the basal and bolus insulin can be titrated either by the subject or by instruction from the attending physician according to 

“algorithm for basal insulin titration after SGLT2 administration.”

Figure 3. Algorism for Bolus insulin titration after SGLT2 administration. The study subjects are to follow the dosing instruction for 3 days from the start of 

the intervention, after which the basal and bolus insulin could be titrated either by the subject or by instruction from the attending physician according to 

“algorithm for Bolus insulin titration after SGLT2 administration.”
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according to the “Algorithm for Basal Insulin Titration after 
SGLT2 administration (Figure 2)” and “Algorithm for Bolus 
Insulin Titration after SGLT2 administration (Figure 3).”

Intervention description

A pre-observation period of 4 weeks is established before the 
intervention (administration of SGLT2 inhibitor). During this 
period, study subjects will measure and record fasting plasma 
beta-hydroxybutyric acid (BOHB) levels, flash glucose monitor-
ing (FGM), and self-monitoring of blood glucose (SMBG). The 
initiation of SGLT2 inhibitor administration is set as day 0 of 
the observation period. The study subjects will visit the research 
institutions 4 times: at weeks −4, 0, 2, and 4. The study subjects 
are provided with a digital camera and instructed to take a pic-
ture of each meal they eat throughout the observation period.

Criteria for discontinuing or modifying allocated 
interventions

Criteria and coping for discontinuation of the study. If, for the rea-
sons listed below, the investigators determine that a subject can no 
longer continue to participate in the study, necessary measures 
such as discontinuing administration of the study agent, adjust-
ment of insulin type and dose, etc. will be immediately taken. Data 
on the subject will be handled as data of a “study discontinuation 
case.” The date, time point in the study, reason for discontinuation, 
and the subject’s course of the disease will be entered onto the 
carte and the CRF. Necessary tests will also be performed upon 
discontinuation. The efficacy and safety of the subject`s treatment 
will be evaluated at this point. Moreover, even if the subject’s par-
ticipation is discontinued, items to be evaluated will be followed 
up as much as possible for the purpose of analysing safety.

Criteria for discontinuation of study in each study subject
1) When Investigators judge the discontinuation is neces-

sary at sick day or physical deconditioning.
2) When the investigators diagnose as diabetic ketoacidosis.
3) When a study subject voluntarily wants to discontinue 

the study or withdraw her/his consent.
4) When a major nonconformance is found not after the 

registration.
5) When continuation of using the study agent is not appro-

priate due to worsened primary disease or complications.
6) When discontinuation of the study is necessary due to 

occurrence of adverse events and disease or the like.
7) When patients are found pregnant.
8) In case of remarkable poor adherence (medication rate is 

expected to less than 75% or 120% or higher to the 
planned administration).

9) When investigators judge discontinuation of the study is 
appropriate due to other reasons.

Criteria for discontinuation of study
1) When the study is difficult to continue due to any of 

the following reasons, the principal investigator decides 
whether the study should continue. If continuation is 
determined to be inappropriate, the principal investiga-
tor shall inform the decision of the discontinuation to 
the responsible investigators of all the collaborating 
institutions as soon as possible along with the underly-
ing reasons, and information of how to respond to their 
participants in order to take necessary measures. The 
principal investigators shall report the discontinuation 
of the study to the certified review board by written 
document.
1-1)  When critical information about quality, safety, 

and efficacy of the study agent is obtained.
1-2)  When recruiting of study subjects is difficult and 

the planed number of study subject to be enrolled 
is determined difficult to achieve.

1-3)  When the objective of the study is accomplished 
before reaching the planned number of enroll-
ment or the planned period.

1-4)  When protocol modification is instructed but 
unable to execute.

2) When discontinuation of the study takes place, the 
responsible investigators promptly discontinue the study 
and make a report to the head of their institution by 
written document. Investigators also need to notify the 
discontinuation of study to their participants and take 
other appropriate actions.

Deviation from the protocol. When investigators need to deviate 
from or modify the study protocol in order to avoid an emer-
gency risk of their study subjects or for other medically com-
pelling reasons, the content and reason shall be stated in the 

Figure 4. The assumed increase of hypoglycemia and required sample 

size. Baseline hypoglycemia was set at 7 ± 6 times/month. An increase in 

hypoglycemia is expressed as a percentage increase from the baseline 

(shown on the X-axis). The minimum sample size required to achieve a 

significance of .05 for a 1-sided t-test with a statistical power at 80% is 

determined. The necessary sample size is expressed as the number of 

patients in 1 arm (shown on the Y-axis). when 26 patients in 1 group were 

analyzed, the percentage increase in hypoglycemia was more than 60%, 

and the sample size was estimated to be sufficient.
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carte and the CRF. Investigators also follow such study subjects 
as much as possible during the study. Even if investigators devi-
ate from the protocol, they need to continue collecting neces-
sary information as much as possible for this study. For data 
handling, it is decided by the data handling committees under 
a blinded circumstance.

Management of incompatibility. Incompatibility is defined as 
noncompliance with legal regulations, protocol and operation 
procedures, and falsification or fabrication of study data.

The incompatibility will be managed as follows.

1. When responsible investigator recognizes that the 
incompatibility of the study, the responsible investigator 
promptly reports the fact to the head of the institution 
and the principal investigator.

2. When investigator recognizes that the incompatibility of 
the study, the investigator promptly reports the fact to 
the responsible investigator.

3. The principal investigator promptly hears the opinion 
from the certified review board in case of the specifically 
serious incompatibility.

Strategies to improve adherence to interventions

Management of the study agent
This study does not use placebo. Both groups use approved, 

commercially available drug as the study agent. Also, this study 
is open-label study. Therefore, specific management of the 
study agent is not conducted in the study, and the study agent 
is managed as same as general drugs.

Relevant concomitant care permitted or prohibited 
during the trial

Combination therapy, restricted concomitant drugs, and pro-
hibited concomitant drugs.

The study subjects receive by intensive-insulin therapy or insu-
lin-pump therapy as basal treatment other than dapagliflozin as 
therapeutic intervention. Type of insulin is not restricted, but the 
change of usage or dose is conducted according to insulin titration 
algorism described in Figure 2. Algorism for Basal Insulin 
Titration after SGLT2 administration and Figure 3. Algorism for 
Bolus Insulin Titration after SGLT2 administration.

The concomitant anti-diabetic agents other than insulin is 
not restricted, but in principal addition of new medication, 
withdrawal or change of medication, change in usage or dose of 
medication is not conducted during the observation period in 
both groups for appropriate evaluation.

Provisions for post-trial care

This study is conducted within the scope of approval treatment 
with the approved drug which is commonly performed. 

Therefore, generally, special compensation is not provided even 
when health damages are caused by the study drug. Handling 
the incidence is exactly same as a health damage or medical 
accident that occurs while a patient receives a regular medical 
attention. The compensation of such case is based on the 
Adverse Drug Reaction Relief System of the Pharmaceutical 
and Medical Devices Agency, Product Liability Law, or prod-
uct liability insurance.

In case, health damage is occurred other than medical prac-
tice, the principal investigator has to buy the insurance for 
clinical study on behalf of other investigators since the design 
of this study is interventional.

Outcomes

Observations and schedules are shown in Table 3. In principle, 
the study subjects will visit the research institutions, and at 
every visit, blood tests (fasting) and urine tests (spot) are per-
formed. Investigators collect and enter the results of the exami-
nations listed in Table 3 in the case report form (CRF) and 
send the CRF to the data center. Adverse events are followed as 
safety endpoints throughout the study. The items measured by 
the study subjects themselves are recorded in specific docu-
ments and sent to the data center via the investigators.

Participant timeline

Observations and schedules are shown in Table 4.

Sample size

The RISING-STAR study is designed as an exploratory study, 
and no prior studies have reported the frequency of hypoglyce-
mia after the administration of SGLT2 inhibitors. We hypoth-
esized that the frequency of hypoglycemia per day would 
increase after the administration of an SGLT2 inhibitor, pro-
vided the dose of basal insulin was not titrated. The baseline 
frequency of hypoglycemia was set at 7 ± 6 times/month when 
insulin glargine was used in patients with type 1 diabetes.29 
The minimum sample size required to achieve a significance of 
.05 for a 1-sided t-test with a statistical power at 80% is deter-
mined. When the sample size is 26 patients in 1 group, the 
percentage increase in hypoglycemia is more than 60%, and the 
sample size is considered sufficient (Figure 4). With an esti-
mated dropout rate of 10%, the planned number of subjects (60 
subjects, with 30 in each group) is considered to have adequate 
statistical power for an increased hypoglycemia frequency of 
more than 60% (11.2 ± 6 times/month) in Group A (Basal/
TDD <0.4, with study subjects instructed to reduce basal 
insulin dose by 0% and bolus insulin dose by 10%) from 7 ± 6 
times/month in Group B (Basal/TDD ⩾0.4, with study sub-
jects instructed to reduce basal insulin by 10%).

The RISING-STAR study was conducted at 7 research insti-
tutions where a total of 350 patients with type 1 diabetes are 
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Table 3. Observation items.

1. Eligibility information

 Observation point At consenting, enrollment

 Observation item Gender, age/date of birth, inclusion criteria, exclusion criteria, date of giving consent, total daily insulin dose 
(TDD), basal insulin dose (Basal), bolus insulin dose, HbA1c

2. Background information

 Observation point week −4

 Observation item Height, age, gender, presence/absence of smoking habit, presence/absence of drinking habit, wakeup time, 
bedtime, comorbidity (presence/absence or history of macrovascular/microvascular disease, dyslipidemia, 
hypertension, hepatic disease), information regarding kinds of medication* (medicine for hypertension, 
dyslipidemia, or diabetes mellitus), type and dose of insulin, allergy

3. Physical examination

 Observation point week −4, week 0, week 2 (optional), week 4

 Observation item Body temperature, blood pressure (sitting position, office blood pressure), pulse rate, body weight, BMIa, body 
composition (skeletal muscle mass, body fat mass)

4. Medication information (except study agent and insulin)

 Observation point week −4, week 0, week 2 (optional), week 4

 Observation item Presence/absence and content of change in type or dose of medication

5. Medication information (study agent, insulin)

 Observation point Throughout observation period

 Observation item Presence/absence of medication of study agent
type and dose of insulin

*The study subjects record onto the study subjects’ diary by themselves

6. Blood tests (fasting)

 Observation point week −4, week 0, week 2 (optional), week 4

 Observation item Red blood cell count, white blood cell count, hemoglobin, hematocrit, blood platelet count, hepatic enzymes 
(AST, ALT, LDH, ALP, gamma-GTP), UA, T-Chol, HDL, LDL, TG, BUN, Cre, eGFR, HbA1c (or glycoalbumin), 
plasma glucose, serum albumin

 Observation point week 0, week 4

 Observation item BNP, CPR, CPR index

7. Urine tests (spot)

 Observation point week −4, week 0, week 2 (optional), week 4

 Observation item Specific gravity, pH, protein, glucose, ketone body, occult blood, urobilinogen, bilirubin, u-mAlb, U-Cre, U-mAlb/
Cre ratio

8. Special blood tests (fasting, using residual sample of “6. blood tests”)

 Observation point week 0, week 4

 Observation item Total ketone body, beta-hydroxybutyric acid, acetoacetic acid, plasma microRNA

9. Ultrasound cardiography (UCG)

 Observation point week −4, week 4

 Observation item Ultrasound cardiography (early diastolic filling velocity, atrial filling velocity, E/A, e′, E/e′, DT, IVRT, TR, LVEF, 
LVEDV, LVESV, LAVI, LVDd, LVDs)

10. QOL score (questionnaire to whom the study subjects directly answer)

 Observation point week −4, week 0, week 4

 (Continued)
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 Observation item DTSQs (The Diabetes Treatment Satisfaction Questionnaire, status version) score. DTSQs are questionnaire to 
measure treatment satisfaction specific to diabetes mellitus, widely used over the world, consists of 8 
questions.

11. Other items the study subjects measure by themselves 1

 Observation point Throughout week-4 to week 0, week 0 to week 4

The study subjects use the Freestyle Libre for FGM after receiving full explanation of how to use it. Since the 
sensor of the Freestyle Libre can be used for 2 weeks (14 days), investigators give 2 sensors to each study 
subject in advance of each period. The study subject change and install sensor every 2 weeks.

The data which the study subjects measure by themselves are recorded onto the study subjects’ diary.

 Observation item Fasting plasma beta-hydroxybutyric acid (ketone body)

 The study subjects measure ketone body once daily before the breakfast at home using Freestyle Libre (Abbott 
Japan Co. Ltd.). The study subjects also measure the ketone body at their free will at physical deconditioning, 
sick day or onset of symptoms suggesting ketoacidosis.

 Plasma glucose (FGM)

 The study subjects measure the plasma glucose continuously at home using Freestyle Libre (Abbott).

 Plasma glucose (SMBG)

 The study subjects conduct SMBG 4 times per day (before breakfast, before lunch, before dinner, and before 
bedtime) and at the awareness of hypoglycemic symptoms or at FGM values of less than 70 mg/dL at home 
using Freestyle (Abbott). At the awareness of hypoglycemic symptoms or at FGM values of less than 70 mg/dL 
study subjects confirm their plasma glucose level by SMBG.

 Dose of insulin

 Awareness of hypoglycemia

12. Other items the study subjects measure by themselves 2

 Observation point Throughout observation period

 Observation item Diet and relevant information

 The study subjects record the diet and relevant information every day throughout the observation period using 
the application software.

 Gender, age, height, target body weight, activities of daily life: prespecified value (enter once)

 Body weight, percent body fat, body water, alcohol intake, confectionery intake, staple food intake, main dish 
intake, side dish intake, milk product intake, fruit intake, number of steps (every day)

 Energy, protein, lipid, carbohydrate, dietary fiber, sugar (every meal)

 Observation item Fasting plasma beta-hydroxybutyric acid (ketone body)

 The study subjects measure ketone body once daily before the breakfast at home using Freestyle Libre (Abbott 
Japan Co. Ltd.) The study subjects also measure the ketone body at their free will at physical deconditioning, 
sick day or onset of symptoms suggesting ketoacidosis.

 Plasma glucose (FGM)

 The study subjects measure the plasma glucose continuously at home using Freestyle Libre (Abbott).

 Plasma Glucose (SMBG)

 The study subjects conduct SMBG 4 times per day (before breakfast, before lunch, before dinner, and before 
bedtime) and at the awareness of hypoglycemic symptoms or at FGM values of less than 70 mg/dL at home 
using Freestyle (Abbott).

 Dose of insulin

 Awareness of hypoglycemia

13. Adverse event† and disease or the like

 Observation point Throughout observation period

 (Continued)

Table 3. (Continued)
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 Observation item Classification, outcome, severity, relationship, etc. of adverse event and disease or the like.

 Adverse event and disease or the like are observed throughout the study. Adverse event and disease or the like 
include the side effects of the medication and clinically significant abnormal fluctuations in test results. 
Investigators collect the information of presence/absence of hypoglycemia, hypoglycemia, other adverse events 
and disease or the like by interview at every observation point. The occurrence of the adverse events and 
disease or the like is recorded onto the carte and CRF. The study subjects are further followed up if necessary.

 *The classification of adverse events and disease or the like is based on MedDRA/J.

 Refer “10. Safety evaluation analysis”

aObtained by calculation.
†Observation is conducted before the start of study agent administration.

Table 3. (Continued)

Table 4. Observation schedule.

OBSERVATION ITEM OBSERVATION PERIOD/OBSERVATION POINT

ENROLLMENT wEEK −4 BASELINE 
wEEK 0†

wEEK 2 ± 1 
wEEK

wEEK 4 ± 1 
wEEK

AT 
DISCONTINUATION

Obtaining consent ○  

① Eligibility information ○  

② Background information ○ ○  

③ Physical examination ○ ○ △ ○ △

④ Medication information (except study 
agent and insulin)

○ ○ △ ○ △

⑤ Medication information (study agent, 
insulin)

←○→

⑥ Blood tests ○ ○ △ ○ △

⑦ Urine tests ○ ○ △ ○ △

⑧ Special blood tests ▲ ▲ ▲ ▲

⑨ UCG ○ ○ △

⑩ QOL score ○ ○ ○  

⑪ Other items the study subjects 
measure by themselves 1

28 days 〇 28 days 〇  

⑫ Other items the study subjects 
measure by themselves 2

←○→

⑬ Adverse event and disease or the like ←○→

○ Item is required to be observed at indicated observation period/observation point.
△Item is optionally observed at indicated observation period/observation point.
▲Item is observed if a residual sample exists. 
†Observation is conducted before the start of study agent administration.

being treated. According to a previous survey, 30% of these 
patients were eligible for SGLT2 inhibitor treatment, as per 
Japanese labeled indications, meaning that approximately 100 
patients could potentially use the SGLT2 inhibitor with insulin. 
Among the 100 patients, all patients who sign a written consent 
form are enrolled in the study and stratified into Group A (Basal/
TDD <0.4, subjects instructed to reduce basal insulin dose by 
0% and bolus insulin dose by 10%) or Group B (Basal/TDD 
⩾0.4, subjects instructed to reduce basal insulin by 10%). The 

proportion of patients who will consent is assumed to be 80%, 
and the proportion of patients who meet the inclusion criteria 
and none of the exclusion criteria is assumed to be 80%. Under 
these conditions, a target number of 60 study subjects is feasible.

Recruitment

This study is conducted in 7 research institutions, and total 
350 patients with type 1 diabetes mellitus is under treatment 
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in these institutions. From the previous survey, 30% of these 
patients are assumed to be eligible for the use of SGLT2 
inhibitor, meaning that approximately 100 patients can use 
SGLT2 inhibitor with insulin. Among the 100 patients, all 
patients who provide written consent form within enrollment 
period are entered into the study and are stratified into the 
Group A or the Group B based on Basal/TDD. Proportion of 
patients who give consent is assumed to 80%, and proportion 
of patients who fall into any of the exclusion criteria is 
assumed to 80%.

Assignment of Interventions: Allocation
Sequence generation

Not applicable.

Concealment mechanism

Not applicable.

Implementation

Not applicable.

Assignment of Interventions: Blinding
Who will be blinded

Not applicable.

Procedure for unblinding if needed

Not applicable.

Data Collection and Management
Plans for assessment and collection of outcomes

Source documents
The research institutions store and manage the following 

information as the source documents, and respond to the 
request from monitoring, audit or the certified review board.

1. Source documents for each data (medical records, nurs-
ing records, test data, medication records, CRF, study 
subjects’ diary, QOL questionnaire, etc.).

2. Informed consent records showing that the subjects con-
sent to participate in this study.

Documents to be considered as source documents
The research institutions store and manage the following 

information as documents to be considered as the source docu-
ments in addition to the source documents, and respond to the 
request from monitoring, audit, or the certified review board.

1. consent withdrawal form.
2. information of medication adherence.

3. information of adverse events and disease or the like.

Plans to promote participant retention and complete 
follow-up

Handling of adverse event. During the study period, the occur-
rence of any untoward medical events experienced by study 
subjects, including the worsening of a pre-existing underlying 
disease, will be defined as adverse events. If complications 
worsen after starting the study, this will also be defined as an 
adverse event. However, the worsening of efficacy endpoints 
within the reference values in each research institution will not 
be treated as an adverse event.

Coping with adverse event. If a study subject experiences an 
adverse event during the study period, the investigators will 
immediately take the appropriate medical action. In accord-
ance with the procedures of each participating research insti-
tution, they will also generate a report to the responsible 
investigator and the head of the institution and enter the 
necessary information onto the carte and the CRF. If sus-
pension of the study drug administration or medical treat-
ment for the adverse event is needed, the study subject has to 
be informed. Regarding the handling of a serious adverse 
event.

Data management

Central registration numbers are used to identify the study sub-
jects. When transferring data of the study subjects in a form of 
electronic data, approval of the person responsible for the data 
management is required. When transferring data from an elec-
tronic network that is not secured, the data must be encrypted 
at the sender site. When data center needs to provide data of the 
study subjects to the outside, approval of the principal investiga-
tor, and the person responsible for the data management is 
required. In case of the study subjects who discontinued the 
study, tests are conducted as much as possible, and enter the data 
till the study discontinuation to the database.

Confidentiality

Central registration numbers are used to identify the study 
subjects. When transferring data of the study subjects in a form 
of electronic data, approval of the person responsible for the 
data management is required. When transferring data from an 
electronic network that is not secured, the data must be 
encrypted at the sender site. When data center needs to pro-
vide data of the study subjects to the outside, approval of the 
principal investigator, and the person responsible for the data 
management is required. In case of the study subjects who dis-
continued the study, tests are conducted as much as possible, 
and enter the data till the study discontinuation to the 
database.
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Plans for collection, laboratory evaluation and 
storage of biological specimens for genetic or 
molecular analysis in this trial/future use

All parties involved in this study must make their best efforts 
to protect personal information of study subjects. This study is 
conducted in accordance with Personal Information Protection 
Law, and other legislation/law and regulation. Unique infor-
mation (initial, carte number) of study subjects is stored 
securely in the research institutions, and information that 
allows a person outside the research institution to identify the 
study subjects (such as name, address, telephone number, etc.) 
is not included in CRFs and registration database.

A central registration number is used when the data center 
inquires for the data of the study subject to the research institu-
tion. Investigators use the correspondence tables to identify 
their research subjects (anonymization), which are managed by 
themselves. Investigators store the correspondence tables 
securely and keep them properly during the storage period pre-
scribed in the Clinical Trial Act (until the day after a lapse of 
5 years from the day on which the completion of the study), or 
the storage period prescribed at each research institution, 
whichever comes later. The person responsible for personal 
information management at each research institution shall be 
the responsible investigator unless otherwise specified.

The investigators, and the heads of the research institutions 
they belong to store the study-related information properly 
during the storage period prescribed in the Clinical Trial Act 
(until the day after a lapse of 5 years from the day on which the 
completion of the study), or the storage period prescribed at 
each research institution, whichever comes later. The responsi-
ble person in charge of data management also stores the study-
related information such as CRF as the source documents and 
electronic information such as data sets properly in same way.

After the storage period, the data must be destroyed not to 
be restored by the data carrier.

Anonymized data collected for the analysis is kept stored for 
future secondary study such as meta-analysis. If the anonymized 
data is used for other studies, approval from the ethics review 
board is required before the study implementation.

Samples for special blood tests are measured in laboratory 
companies utilized in each research institution, and after 
obtaining data, they are disposed under the responsibilities and 
procedures of the companies. The companies do not store the 
sample.

Statistical methods
Statistical methods for primary and secondary 
outcomes

Analysis of the primary endpoint. Summary statistics will be cal-
culated for the number of hypoglycemic events per day (plasma 
glucose level defined as SMBG ⩽70 mg/dL) during the inter-
vention period (from baseline to week 4) using the full analysis 
set (FAS) as the main analysis set and the per protocol analysis 

set as the sensibility analysis set. For comparisons between 
groups, a 2-sample t-test and analysis of covariance will be 
conducted and differences between the groups as well as their 
95% confidence intervals calculated. HbA1c, age, and fre-
quency of hypoglycemia (⩽70 mg/dL, confirmed by SMBG) 
per day during the pre-observation period before the interven-
tion (week −4 to baseline) will be used as covariates in the 
analysis of covariance. If the data distribution does not follow a 
normal distribution, the summary statistics will be calculated 
after logarithmic transformation.

Analysis of the secondary endpoints. For the analysis of second-
ary endpoint 1 (frequency of ketosis) and 2 (frequency of 
hypoglycemia detected by FGM), summary statistics of meas-
urements and changes will be calculated using FAS during the 
pre-observation period before the intervention (week −4 to 
baseline) and the observation period after the intervention 
(baseline to week 4) in each group. For the measurements, a 
2-sample t-test will be used for comparisons between groups, 
and for the change, a 1-sample t-test will be used for compari-
son in each group. If the data distribution does not follow a 
normal distribution, the summary statistics will be calculated 
after logarithmic transformation.

For the analysis of secondary endpoint 3, summary statistics 
will be calculated using FAS for measurements at each obser-
vation point and change in the measurements from baseline to 
each observation point after the intervention. For the measure-
ment, a 2-sample t-test will be used for comparisons between 
groups, and for the change in the measurement, a 1-sample 
t-test will be used for comparison in each group.

Analysis of the safety endpoints. To analyze the safety endpoints, 
a table of all adverse events and diseases will be created for each 
group using the safety analysis set, and comparisons will be 
performed between groups as necessary using Fisher’s exact 
test.

Interim analyses

Not applicable.

Methods for additional analyses (eg, subgroup 
analyses)

To analyze the correlation of change in dietary habit, dietary 
content, and nutrient intake with change in fasting plasma 
BOHB acid, Spearman rank correlation coefficient, and its 
95% confidence interval will be calculated and evaluated for 
significance. The subjects are instructed to take pictures of each 
meal using a digital camera. The stored images will be uploaded 
to a cloud, and diabetologists will analyze the images according 
to the Standard Tables of Food Composition in Japan using a 
specialized application (Asken Wit Co. Ltd.). The volumes 
and calories of carbohydrates, proteins, fats, and nutrient 
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intakes will be calculated using the system referred to as “online 
nutritional evaluation.”

Methods in analysis to handle protocol non-
adherence and any statistical methods to handle 
missing data

The data relating Protocol non-adherence is not included in 
the per protocol population but is included in full analysis. 
Imputation is not planned to use for missing data.

Plans to give access to the full protocol, participant 
level-data, and statistical code

This study has no plan for granting public access to the full 
protocol, participant-level dataset, and statistical code.

Oversight and Monitoring
Composition of the coordinating centre and trial 
steering committee

Data Center (Data Management)
Yoshifumi Sezutsu
Data management group, Clinical Research Support Division, 
Soiken Inc.
Location: Nikko Building 5F, 1-1 Kanda-Ogawamachi, 
Chiyoda-ku, Tokyo
Tel: 03-3518-9918
Data Center conducts data management works in the study 
according to the operation procedure.
Monitoring
Yasunori Tomita
Monitoring group, Clinical Research Support Division, Soiken 
Inc.
Location: NBF Building 4F, 1-3-1, Kanda-Ogawamachi, 
Chiyoda-ku, Tokyo
Tel: 03-3295-1350
The person in charge of monitoring conducts monitoring 
works in the study according to the operation procedure.
Audit
Toru Matsumura
Quality Assurance group, Clinical Research Support Division, 
Soiken Inc.
Location: NBF Building 4F, 1-3-1, Kanda-Ogawamachi, 
Chiyoda-ku, Tokyo
Tel: 03-3295-1350
The person in charge of audit conducts audit in the study 
according to the audit plan and the operation procedure, and 
assesses whether the data quality management is appropriately 
conducted in the study.
Data Handling Committee
The data handling committee decides all the data handling 
including missing data and data deviated from the protocol, 
under a blinded circumstance before statistical analyses. The 

committee consists of the principal investigator, the responsible 
officer, and the biomedical statistics expert.

Composition of the data monitoring committee, its 
role and reporting structure

Monitoring performed in accordance of the standard operation 
procedure of the monitoring by a third-party organization, 
Soiken Inc. Regarding the quality of data, the principal inves-
tigator investigate the progress of the study through monitor-
ing personnel periodically and the research conducted in 
compliance with the study protocol and the Ethical Guidelines 
for Medical and the Clinical Trial Act, and take appropriate 
measures to prevent any deviation from the protocol. In addi-
tion, the monitoring personnel make a monitoring report and 
submit it periodically to the principal investigator. To ensure 
the safety of the study subjects, adverse events and the diseases 
or the like are monitored and promptly reported.

Adverse event reporting and harms

Serious adverse event (SAE). A serious adverse event refers to, 
regardless of the presence or absence of a causal relationship 
with the study agent, a sign, symptom, or disease undesirable or 
unintended for the study subject that meets the “Ethical 
Guidelines for Medical and Health Research Involving Human 
Subjects (Chapter 1, Part 2).”

During this study, when serious adverse event occurs, 
regardless of the presence or absence of a causal relationship 
with this study, investigators immediately conduct appropriate 
treatment for the study subject.

[Serious adverse events]

1) Those that lead to death.
2) Those are life-threatening.
3) Those that require hospitalization or extension of hospi-

talization for treatment.
4) Those that result in permanent or significant disability 

or malfunction.
5) Other events or reactions medically important or 

critical.
6) Those are equivalently severe to 1 to 5.
7) Those that could be transmitted to descendants.

Reporting of adverse event
1) Immediate reporting

When an adverse event subject to immediate reporting (a seri-
ous adverse event [SAE]) occurs during this study, an investi-
gator promptly explains the occurrence to the study subject 
takes appropriate treatment. Also, regardless of the presence or 
absence of a causal relationship with the study agent, the inves-
tigator reports it appropriately to the data center within 5 days, 
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and to the authorized head of the research institution in 
accordance with “the Ethical Guidelines for Medical and 
Health Research Involving Human Subjects (partially revised 
on February 28, 2017),” the Clinical Trial Act, and procedures 
of the research institution. The data center compiles the infor-
mation, takes direction of the principal investigator, and reports 
the fact to the responsible investigators of the collaborating 
research institutions. In addition, the information needs to be 
notified to the company manufacturing/selling the study agent 
(AstraZeneca K.K. and Ono Pharmaceutical Co. Ltd.) by the 
SAE/disease or the like Reporting Form including the name of 
the research institution, the name of attending physician, cau-
sality of the events in relation to all study medication, and the 
ESR number of the study (ESR-19-14385).

2) Regular reporting

When an adverse event other than SAE occurs, describe it in 
the CRF corresponding to the time of occurrence, and report it 
to the data center by sending the CRF. The data center com-
piles the information appropriately, and reports it to the prin-
cipal investigator to obtain directions on how to respond. In 
addition, the information needs to be notified to the company 
manufacturing/selling the study agent (AstraZeneca K.K. and 
Ono Pharmaceutical Co. Ltd.).

Frequency and plans for auditing trial conduct.

Audit is performed by a third-party organization, Soiken Inc. 
An auditor performs it in accordance with the protocol and the 
standard operation procedure to checks whether or not this 
study has followed the study protocol appropriately as stated. 
The results shall be reported by the auditor to the responsible 
investigator, principal investigator, and the heads of the partici-
pating institutions.

Plans for communicating important protocol 
amendments to relevant parties (eg, trial 
participants, ethical committees)

When protocol is modified, the modification is reported to 
Kyoto Prefectural University of Medicine Clinical Research 
Review Board immediately. After protocol modifications is 
approved, the modification is reported to jRCT.

Dissemination plans

The trial results will be published at peer-reviewed interna-
tional journals.

Discussion
The findings will provide knowledge regarding the reduction 
of the basal insulin dose combined with an SGLT2 inhibitor in 
patients with type 1 diabetes, which may reduce the frequency 
of hypoglycemia associated with the combination therapy. The 

results will be disseminated through presentations at appropri-
ate conferences, meetings, and publications in peer-reviewed 
journals.

In this pilot study, we assumed that, given sufficient basal 
insulin doses, hypoglycemia would be more frequent in patients 
with type 1 diabetes when combined with SGLT2 inhibitors if 
basal insulin doses were not reduced. The best study design to 
clarify this question is to observe hypoglycemic attacks as the 
primary endpoint in type 1 diabetes with SGLT2 inhibitors or 
placebo. In this study, the best study design would be to stratify 
participants according to the ratio of basal insulin to total insu-
lin and to determine the association between basal insulin and 
total insulin as well as hypoglycemic attacks. However, we 
assumed from previous reports that a 10% reduction in total 
insulin dose is necessary to avoid hypoglycemia with SGLT2 
inhibitor treatment.12,15,16

SGLT2 inhibitor treatment in patients with type 1 diabetes 
mellitus has been reported to improve glycemic control.12 The 
amount of additional insulin is determined from carbohydrate 
and preprandial blood glucose intake and treatment target 
blood glucose levels using applied carb counting in type 1 dia-
betes patients covered by this pilot study. In this pilot study, we 
envisioned avoiding hypoglycemia in SGLT2 inhibitor therapy 
by reducing the basal insulin dose, the insulin effect value, or 
both. In this pilot study, after adhering to their doctor’s insulin 
reduction instructions for 3 days, patients will be allowed to 
adjust their own insulin dose appropriately by watching their 
blood glucose levels over those 3 days. Furthermore, subjects 
will be divided into 2 groups: a 10% reduction in basal insulin 
dose or a 10% reduction in insulin effect dose. In addition, cat-
egorization into the 2 groups will not be randomized but will 
instead utilize insulin levels prior to SGLT2 inhibitor treat-
ment, with a 10% reduction in basal insulin in patients with 
basal insulin levels greater than 40% of total insulin and a 10% 
reduction in insulin effect size in patients with basal insulin 
levels less than 40% of total insulin We assumed that the risk of 
developing hypoglycemia would be increased in the group that 
did not indicate insulin reduction, and we did not establish a 
group that did not indicate insulin reduction.

We assumed that when insulin therapy was combined with 
an SGLT2 inhibitor for patients with type 1 diabetes mellitus, 
the frequency of hypoglycemia would increase if the basal insu-
lin dose was not reduced, provided there was an adequate basal 
insulin dose. In cases where the basal insulin dose was less than 
40% of the total insulin dose, there was a possibility that an 
inadequate basal insulin dose was not administered and that 
the amount of additional insulin was excessive. The cause of 
the overdose of additional insulin may be that the amount of 
carbohydrate ingested is excessive and that the insulin effect 
value is estimated to be higher than the true value. To account 
for these possibilities, in cases where basal insulin levels were 
less than 40% of total insulin, we did not indicate a reduction 
in basal insulin levels but rather a 10% reduction in insulin 
effect values.
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The purpose of this pilot study was to analyze the feasibility 
of future randomized trials. The first randomized trial was envi-
sioned as a 2-arm, randomized trial in which a reduction in 
basal insulin dose was indicated or no reduction in basal insulin 
dose was instructed for concomitant use of SGLT2 inhibitors in 
patients with type 1 diabetes in order to prevent the develop-
ment of hypoglycemia. In order to conduct this randomized 
trial, we need to determine the risk of diabetic ketoacidosis with 
SGLT2 inhibitor treatment in type 1 diabetes; SGLT2 inhibi-
tor treatment in type 1 diabetes may increase the risk of diabetic 
ketoacidosis 6-fold.20,30 The U.S. Food and Drug Administration 
estimates that 1 additional case of ketoacidosis occurs every 
26 years when patients with type 1 diabetes are treated with 
sotagliflozin. Assuming a case fatality rate of 0% to 4%, this 
estimate corresponds to 16 additional deaths per year per 
100 000 patients with type 1 diabetes.31,32 Thus, although a 
reduction in basal insulin dose in SGLT2 inhibitor therapy in 
type 1 diabetes is beneficial in the prevention of hypoglycemia, 
there is a risk of increasing the risk of diabetic ketoacidosis.17 In 
this pilot study, prevention of hypoglycemic attacks was the pri-
mary endpoint, with home self-ketone measurements as a sec-
ondary endpoint, which provides insight into the increase in 
ketones in response to a reduction in basal insulin dose. This 
will be essential for the design of future randomized trials.

The first clinical question is whether reducing the basal 
insulin dose to prevent the development of hypoglycemia is a 
risk factor for diabetic ketoacidosis in SGLT2 inhibitor ther-
apy in type 1 diabetes. In addition, does SGLT2 inhibitor treat-
ment increase the risk of diabetic ketoacidosis in type 1 diabetes 
without reducing basal insulin levels? To clarify the purpose of 
this study, the frequency of ketosis may also be the primary 
endpoint of this pilot study. However, in this pilot study, for 
safety reasons, the attending physician will intervene if the 
home autologous ketone body measurement is greater than 
600 μM.27,28 This will allow the attending physician to inter-
vene when ketones are increased and, thus, prevent ketoacido-
sis. Therefore, it is not possible to measure the frequency of 
ketosis onset in the absence of bias. Therefore, the frequency of 
ketosis onset was not the primary endpoint.

A second future randomized trial, with the development of 
ketoacidosis as the primary endpoint, will compare the basal 
insulin dose reduction of up to 10% in this trial with a basal 
insulin dose reduction of more than 10% in this trial for 
patients with type 1 diabetes, assuming that it is. It is also 
important to know whether ketoacidosis occurs in this study, in 
which the basal insulin dose is reduced by up to 10%.
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