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AIMS 
Information on the relative effects of insulin degludec (IDeg) and insulin glargine 
U300 (IGlarU300) on glycemic stability is limited and inconsistent. We directly 
compared the effects of these insulins on glycemic stability. 
 
MATERIALS AND METHODS 
In this multicenter, crossover trial, 46 individuals with type 1 diabetes and 
essentially undetectable circulating C-peptide were randomly assigned to the IDeg-
first/IGlarU300-second or the IGlarU300-first/IDeg-second groups, and were 
treated with the respective basal insulins for 4-week periods. Data were collected in 
the last week of each treatment period. The primary aim was to examine the 
potential noninferiority of IDeg relative to IGlarU300 with regard to day-to-day 
variability, as evaluated by the standard deviation (SD), of fasting blood glucose 
(FBG) levels. Intraday glycemic variability and other parameters were also 
determined by continuous glucose monitoring (CGM). 
 
RESULTS 
The SD of FBG for IDeg was noninferior to that for IGlarU300. The mean of FBG, 
coefficient of variation (CV) of FBG, and various glycemic variability indexes 
determined by CGM did not differ between the two insulins. Whereas the 
administered doses of the insulins also did not differ, the mean glycemic value was 
lower and the time above (>180 mg/dL) and time below (<70 mg/dL) the target range 
were shorter and longer, respectively, for IDeg than for IGlarU300. 
 
CONCLUSIONS 
Our data suggest that IDeg and IGlarU300 have comparable glucose-stabilizing 
effects in individuals with type 1 diabetes. However, the glucose-lowering effect of 
IDeg may be greater than that of IGlarU300 when titrated with a unit-based 
protocol. 
 
Clinical trial registry number: jRCTs051180138 (Japan Registry of Clinical Trials)  
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INTRODUCTION 
Evidence suggests that, not only hyperglycemia, but also the fluctuation and variability 
of glycemia are related to the development of complications of diabetes mellitus 1–7. 
Increased glycemic variability is associated with a risk of hypoglycemia 8, which also 
contributes to the development of various health problems related to diabetes mellitus 9,10. 
Minimization of glycemic variability is thus an important issue in the choice of treatment 
for diabetes mellitus.   
 Insulin degludec (IDeg) and insulin glargine U300 (IGlarU300) are recently 
introduced ultra–long-acting insulin formulations. The temporal patterns for the glucose-
lowering effects of these two insulin analogs have been shown to be flatter than that of 
IGlarU100 11,12. Moreover, treatment with IDeg or IGlarU300 is associated with not only 
lower intraday 13,14 but also lower interday 15,16 glycemic variability compared with 
treatment with IGlarU100, suggesting that these new insulin formulations provide a more 
consistent pharmacological effect for each administration. IDeg and IGlarU300 thus 
appear to be superior to IGlarU100 with regard to stabilization of glycemia. The lower 
frequency of hypoglycemia observed with IDeg 17,18 or IGlarU300 19,20 compared with 
IGlarU100 might be attributable to these pharmacological properties of the new insulin 
formulations. 
 Limited information has been available with regard to direct comparison of the 
pharmacological properties of IDeg and IGlarU300—in particular, as relates to their 
effects on glycemic stability. Glucose clamp analyses in one study revealed IDeg to have 
a flatter diurnal glucose-lowering effect compared with IGlarU300 in individuals with 
type 1 diabetes 21, whereas a subsequent study showed the opposite result 22. For 
individuals with type 2 diabetes, one study revealed no difference in indexes of glycemic 
variability as assessed by continuous glucose monitoring (CGM) between treatment with 
IDeg and that with IGlarU300 23, whereas another study demonstrated better values of 
some such indexes for treatment with IGlarU300 24. No study to date has compared the 
glycemia-stabilizing properties of these two insulin formulations, either by CGM or by 
measurement of blood glucose levels, in subjects with type 1 diabetes, whose glycemic 
variability likely depends largely on the administered insulin formulation because of the 
lack of the endogenous hormone. 

We have now conducted a study to compare directly the effects of IDeg and 
IGlarU300 on glycemic stability in subjects with type 1 diabetes. We here provide 
evidence that these two insulin formulations possess similar properties in terms of the 
stabilization of glycemia. 
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MATERIALS AND METHODS 
Study Design 
This multicenter, randomized, crossover, open-label study was conducted in accordance 
with the Declaration of Helsinki, was registered in the Japan Registry of Clinical Trials 
(jRCTs051180138), and was registered with the University Hospital Medical Information 
Network Clinical Trials Registry (UMIN000029630). All participants provided written 
informed consent before entry into the study. The participating centers and principal 
investigators of the trial are listed in Supplemental Material. 

The study protocol was described previously 25. In brief, participants had to 
satisfy all the inclusion criteria and not to meet any exclusion criteria described in 
Supplemental Table S1. The study recruited 46 outpatients with type 1 diabetes whose 
fasting C-peptide levels were essentially zero (confirmed to be <0.2 ng/mL at least twice) 
at 14 medical centers in Japan. Individuals were randomly assigned to the IDeg-
first/IGlarU300-second (DG) group or the IGlarU300-first/IDeg-second (GD) group by a 
centralized allocation process with the use of a computer-generated table of random digits. 
Participants in each group were treated with each basal insulin for 4 weeks in the assigned 
order. The last week of each treatment period constituted the data collection period, 
during which the subjects were directed to measure their blood glucose level seven times 
a day (fasting, 2 h after breakfast, before lunch, 2 h after lunch, before dinner, 2 h after 
dinner, and at bedtime) with the use of a self-monitoring of blood glucose (SMBG) device 
(OneTouch VerioVue; Johnson & Johnson, New Brunswick, NJ). They were also 
equipped with a professional CGM device (FreeStyle Libre Pro; Abbott Diabetes Care, 
Alameda, CA) 1 week before the data collection period. The data for administered insulin 
doses were obtained from the self-reports of the patients. Baseline clinical characteristics 
and laboratory data were obtained from medical records. Enrollment and follow-up visits 
are outlined in Supplemental Fig. S1.  
 
Insulin Titration 
Participants were instructed to inject basal insulin at the same time each day during the 
study. To avoid unexpected hypoglycemia, it was recommended that the injected dose of 
the new basal insulin be reduced by 10% compared with that of the previous basal insulin 
at switching of the two formulations. If the fasting blood glucose (FBG) level was ≧130 
mg/dL for more than three consecutive days, the subject was instructed to increase the 
basal insulin dose by 1 U. If the FBG level was <70 mg/dL for at least 1 day, the 
participant was instructed to reduce the basal insulin dose by 2 U. Attending physicians 
were available to advise patients on basal insulin dose. No change in the type of bolus 
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insulin formulation was allowed during the trial, although the dose of bolus insulin could 
be adjusted by the participants.  

 
Study Outcome 
The primary aim of the study was evaluation of the noninferiority of IDeg relative to 
IGlarU300 in terms of day-to-day variability of FBG levels as evaluated by the standard 
deviation (SD) determined from SMBG data. Secondary end points were (i) the 
coefficient of variation (CV) for day-to-day variability of FBG levels determined from 
SMBG data, (ii) intraday glycemic variability calculated from both SMBG and CGM data, 
(iii) frequency of hypoglycemic events, (iv) duration of hypoglycemia as determined by 
CGM, and (v) administered basal and bolus insulin doses during the data collection period 
for each of the two basal insulin formulations. Mean glucose levels and indexes of 
glycemic variability [SD, CV, M-value, mean amplitude of glycemic excursions (MAGE), 
and mean of daily difference (MODD)] were calculated from CGM data with the use of 
EasyGV software (Nuffield Department of Primary Care Health Sciences, University of 
Oxford, Oxford, UK). Time in range (TIR), time above range (TAR), and time below 
range (TBR) were also calculated from CGM data as the percentages of sensor glucose 
readings within or outside of the target glucose range 26.  
 
Rationale for Sample Size 
As described in detail previously (25), according to a preliminary analysis of day-to-day 
variability in FBG levels for individuals with type 1 diabetes treated with IDeg, the mean 
and SD values for the SD of FBG in 30 patients over seven consecutive days were 
calculated to derive the SD for the intrapatient difference. The noninferiority margin was 
set as 20 mg/dL. At a significance level of 5% and power of 80%, the sample size was 
determined as 19 patients per group. Taking into account potential participant dropout 
and withdrawal during the study period, we set the sample size at 23 patients per group, 
for a total of 46 patients. 
 
Statistical Analysis 
For evaluation of the primary outcome, the difference in interday SD of FBG between the 
first and second data collection periods was calculated for each participant in both DG 
and GD groups, and the average was calculated for each group (DifDG and DifGD, 
respectively). By subtracting DifGD from DifDG and dividing by 2, the mean difference 
and 95% CI for the difference between IDeg and IGlarU300 were calculated. The upper 
limit of the 95% CI had to be less than the noninferiority margin of 20 mg/dL. 
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The secondary end points were evaluated in the same way. Intergroup 
differences of normally or nonnormally distributed data were tested for significance with 
the unpaired Student’s t test or Mann-Whitney U test, respectively. A P value <0.05 was 
considered statistically significant. All statistical analysis was performed with SPSS 
software version 22.0 (IBM, Armonk, NY).  
 
RESULTS 
A total of 46 randomized participants including 23 individuals in the DG group and 23 in 
the GD group was enrolled, and all the participants completed the study. The baseline 
clinical characteristics and laboratory data for the study subjects are shown in Table 1. 
No participant had missing data for the SD of FBG, the primary end point of the study, 
with all 46 subjects thus being included in the full analysis set. However, given that 14 
participants were excluded from CGM data analysis because of a CGM data coverage 
ratio of <70%, only the remaining 32 patients were included in the CGM data analysis set 
(Supplemental Fig. S2). The numbers of participants who injected basal insulin in the 
morning, at noon, in the evening, and at bedtime were 16, 4, 10, and 16, respectively.  

We first examined possible carryover effects for the mean of FBG, SD of FBG, 
and CV of FBG with repeated-measures ANOVA, but we found no interaction effects 
between the first and second data collection periods (P = 0.07, 0.53, and 0.32, 
respectively).  

The SD of FBG during the IDeg treatment period was noninferior to that during 
the IGlarU300 treatment period [mean difference of −6.6 mg/dL, with a 95% CI of –16.1 
to 3.0 mg/dL (within the noninferiority margin), P = 0.17] (Fig. 1A). The mean FBG 
(mean difference of –6.4 mg/dL, with a 95% CI of –18.4 to 5.7 mg/dL, P = 0.29) (Fig. 
1B) as well as the CV of FBG (mean difference of –0.1 %, with a 95% CI of –4.6 to 4.3 %, 
P = 0.95) (Fig. 1C) also did not differ between the two treatment periods. The ratio of 
participants who achieved the target FBG level at the end of treatment did not differ 
between the two insulins (n = 11 [23.9%] for IDeg and n = 12 [26.1%] for IGlarU300, P 
= 0.14). The mean of the diurnal blood glucose levels measured with the SMBG device 
did not differ between the two periods (mean difference of –3.1 mg/dL, with a 95% CI of 
–10.0 to 3.9 mg/dL, P = 0.38). No significant difference in blood glucose levels at each 
of the seven measurement points during the day was apparent between the two treatment 
periods (Table 2). 

The all-day quartile patterns as well as the median value of the CGM data during 
the IDeg and IGlarU300 treatment periods are shown in Supplemental Fig. S3. The mean 
sensor glucose level in CGM analysis of the IDeg treatment period was lower than that 
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of the IGlarU300 treatment period (mean difference, –9.9 mg/dL, with a 95% CI of –18.4 
to –1.4 mg/dL, P = 0.02). Indexes of glucose variability including SD, CV, M-value, 
MAGE, and MODD did not differ between the two treatment periods (Table 3).  

Whereas TIR (70 to 180 mg/dL) did not differ between the two treatment periods, 
TAR180 (>180 mg/dL) and TBR70 (<70 mg/dL) were significantly shorter and longer, 
respectively, in the IDeg treatment period than in the IGlarU300 treatment period 
(TAR180 mean difference of –4.9%, with a 95% CI of –9.1 to –0.6%, P = 0.03; TBR70 
mean difference of 4.4%, with a 95% CI of 0.4 to 8.4%, P = 0.04). TAR250 (>250 mg/dL) 
and TBR54 (<54 mg/dL) did not differ between the two treatment periods, however 
(Table 4). No severe hypoglycemic events were reported during the study. The frequency 
of hypoglycemic events (confirmed blood glucose of <70 mg/dL with the use of the 
SMBG device) did not differ between the two treatment periods (mean difference of 0.1 
times per week, with a 95% CI of –0.2 to 0.3 times per week, P = 0.54). 

The daily total, basal, and prandial insulin doses did not differ between the IDeg 
and the IGlarU300 treatment periods (mean difference in total dose of 0.4 U, with a 95% 
CI of –0.9 to 1.6 U, P = 0.58; mean difference in basal insulin dose of 0.3 U, with a 95% 
CI of –0.3 to 0.8 U, P = 0.31; mean difference in prandial insulin dose of 0.1 U, with a 
95% CI of –1.0 to 1.2 U, P = 0.85).  

Six patients reported mild itching and erythema at the CGM wearing site, but 
these symptoms resolved without treatment. Other notable adverse events were not 
reported during the study.  
 
DISCUSSION 
We have here shown that treatment with IDeg was noninferior to that with IGlarU300 
with regard to interday glycemic variability assessed on the basis of the SD of FBG, the 
primary end point of the study. We also did not detect a significant difference in the CV 
of FBG or in various parameters related to intra- or interday glycemic variability assessed 
by CGM, including the SD, CV, M-value, MAGE, and MODD. Our results thus suggest 
that these two insulin formulations provide comparable glucose-stabilizing effects even 
in C-peptide–negative individuals with type 1 diabetes, in whom glycemic variability 
likely depends largely on the pharmacological properties of administered insulin.  
 Whereas the difference in FBG did not achieve statistical significance, the mean 
glucose value assessed by CGM was lower, and TBR70 and TAR180 were longer and 
shorter, respectively, in the IDeg period than in the IGlarU300 period. Moreover, both 
the median value and the interquartile range of CGM glucose values were lower in the 
IDeg period at most of the time. Given that the doses of insulin did not differ between the 
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periods, it is possible that IDeg has a more potent glucose-lowering effect than does 
IGlarU300. A similar greater glucose-lowering effect of IDeg than of IGlarU300 was also 
suggested in other studies 23,27,28. Given that biological actions of insulin analogs are not 
always same as that of human insulin 29, the units of IDeg and IGlarU300 are determined 
not simply by the physical quantity but by biological potency, which was investigated 
with relatively small numbers of subjects 30,31. Such unit determination may render IDeg 
more potent than IGlarU300 when standardized by unit. We however cannot completely 
exclude the possibility that the small, none-significant difference of the dose (mean 
difference of 0.3U) contributed to the difference of glycemic levels between the two 
treatment periods.  

Whereas the frequency of hypoglycemic events (confirmed blood glucose of <70 
mg/dL with the use of the SMBG device) did not differ between the two insulin 
formulations in the present study, hypoglycemic events were previously found to be more 
frequent for IDeg than for IGlarU300 23,24. This increase in the frequency of 
hypoglycemic events might also be attributable to the more potent pharmacological action 
of IDeg.  

The U.S. Food and Drug Administration guidelines recommend a washout 
period equivalent to at least five times the elimination half-life (t1/2) of the first drug before 
switching to a second drug in crossover studies of bioequivalence 32. In the present study, 
however, we did not include a washout period between the two treatment periods. Instead, 
we restricted data collection to the final week of each 1-month treatment period, which 
likely minimized carryover effects of the previously administered formulation, given that 
the t1/2 of IDeg and IGlarU300 was found to be 25 and 19 h, respectively 33,34. Indeed, we 
found no interaction effects between the first and second data collection periods with 
regard to the mean, SD, and CV of FBG.   

With regard to limitations of our study, the timing of basal insulin administration 
differed among participants. However, no bias in this timing was apparent with the chi-
square test in either the DG or GD group (χ2 = 1.30, degrees of freedom = 3, P = 0.73), 
suggesting that the difference in the timing of injection had little effect on the study results. 
Another limitation is the relatively small proportion of patients who achieved the target 
FBG level, which likely reflects the short intervention period of the study. The proportion 
of patients who achieved the target FBG did not differ between the two groups, however. 
Moreover, CGM data for analysis were available for only ~70% (32/46) of the study 
participants. Finally, all the participants of this study were nonobese Japanese adults with 
undetectable circulating C-peptide. It thus remains to be determined whether the present 
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results are applicable to individuals of other ethnicities and with different body 
compositions and insulin-secretory capacities. 
 In conclusion, our data suggest that IDeg and IGlarU300 exert similar glucose-
stabilizing effects in individuals with type 1 diabetes. Our data also suggest that IDeg has 
a more potent glucose-lowering effect when titrated according to a unit-based protocol. 
Both interday and intraday glycemic variability as well as unrecognized hypoglycemia 
are thought to be related to the development of various health problems associated with 
diabetes mellitus 8,9,35. It remains to be determined whether these two insulin formulations 
provide similar outcomes in terms of long-term glycemic control as well as of the 
prevention of diabetes-related health problems.  
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Table 1 Clinical characteristics and laboratory data for the study participants (n = 
46) at baseline 

Age (years) 53.3 ± 14.7 
Sex (male/female) 14 / 32 
Disease duration (years) 19.4 ± 11.6 
HbA1c (%) 7.6 ± 0.7 
Body weight (kg) 58.0 ± 11.2 
BMI (kg/m2) 22.2 ± 3.4 
Systolic blood pressure (mmHg) 123.4 ± 14.7 
Diastolic blood pressure (mmHg) 71.3 ± 11.1 
Aspartate aminotransferase (IU/L) 22.3 ± 12.1 
Alanine aminotransferase (IU/L) 18.5 ± 12.9 
Serum creatinine (mg/dL) 0.7 ± 0.2 
eGFR (mL min–1 1.73 m–2) 77.7 ± 20.8 
LDL-cholesterol (mg/dL) 108.6 ± 23.1 
HDL-cholesterol (mg/dL) 75.8 ± 17.4 
Triglyceride (mg/dL) 90.1 ± 44.8 
Prestudy basal insulin    
 IDeg (n) 35 

  IGlarU300 (n) 9 
  IGlarU100 (n) 2 
Complications (%)    
  Retinopathy 23.9 
  Neuropathy 19.6 
  Nephropathy 13.0 

Data are means ± SD unless indicated otherwise. HbA1c, glycated hemoglobin; 
eGFR, estimated glomerular filtration rate. 
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Table 2 Differences in SMBG metrics (mg/dL) between IDeg and IGlarU300 (n = 
46) 

Time of day Group 1st period 2nd period 
Mean of 

difference 
1st–2nd 

Mean of difference 
IDeg–IGlar U300 

(95% CI) 
P value 

Fasting 
DG 164.4 ± 48.6 198.2 ± 48.2 –33.8 –6.4 

(–18.4 to 5.6) 0.29 
GD 148.8 ± 37.6 169.9 ± 44.7 –21.0 

AB 
DG 208.4 ± 49.3 198.6 ± 52.3 3.6 –1.7 

(–18.8 to 15.4) 0.84 
GD 173.4 ± 54.8 168.3 ± 44.9 6.9 

BL 
DG 158.9 ± 45.7 169.1 ± 43.6 –10.2 –4.1 

(–16.4 to 8.2) 0.50 
GD 147.2 ± 33.1 149.1 ± 32.4 –1.9 

AL 
DG 192.5 ± 55.0 182.4 ± 51.1 10.9 7.9 

(–8.0 to 23.7) 0.32 
GD 169.5 ± 47.8 173.7 ± 33.1 –4.9 

BD 
DG 161.3 ± 38.7 176.4 ± 41.7 –15.1 –8.3 

(–20.4 to 3.7) 0.17 
GD 164.3 ± 40.5 162.8 ± 48.4 1.5 

AD 
DG 181.4 ± 40.9 192.6 ± 50.8 –7.8 1.4 

(–14.3 to 17.1) 0.86 
GD 151.3 ± 42.6 161.9 ± 38.8 –10.6 

BT 
DG 176.2 ± 56.9 190.7 ± 64.9 –16.9 –6.0 

(–15.9 to 4.0) 0.23 
GD 167.8 ± 35.8 172.8 ± 45.4 –5.0 

Data are means ± SD. P values are for comparisons between IDeg and IGlarU300. AB, 
after breakfast; BL, before lunch; AL, after lunch; BD, before dinner; AD, after dinner; 
BT, bedtime. 
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Table 3 Mean glycemic level and glycemic variability indexes for CGM (n = 32)  

Mean or 
index Group 1st period 2nd period 

Mean of 
difference 
1st–2nd 

Mean of difference 
IDeg–IGlar U300 

(95% CI) 
P value 

Mean 
(mg/dL) 

DG 136.0 ± 29.5 153.8 ± 27.4 –17.9 –9.9 
(–18.4 to –1.4) 0.02* 

GD 119.1 ± 25.8 117.2 ± 25.3 1.9 

SD 
(mg/dL) 

DG 59.9 ± 16.6 57.7 ± 14.9 2.3 –1.5 
(–6.2 to 3.2) 0.52 

GD 52.4 ± 12.3 47.1 ± 7.1 –5.3 

CV 
(%) 

DG 44.7 ± 10.6 37.8 ± 8.8 6.9 0.9 
(–3.5 to 5.3) 0.68 

GD 46.1 ± 11.9 41.0 ± 9.4 5.1 

M-value 
DG 314.2 ± 161.4 243.9 ± 106.3 70.3 43.0 

(–8.7 to 94.8) 0.10 
GD 300.8 ± 192.6 316.7 ± 154.4 –15.8 

MAGE 
(mg/dL) 

DG 121.5 ± 33.4 126.1 ± 39.3 –4.6 –8.2 

(–17.9 to 1.5) 
0.09 

GD 111.3 ± 32.6 99.4 ± 22.5 11.8 

MODD 
(mg/dL) 

DG 58.0 ± 14.8 58.0 ± 17.1 –0.1 –4.5 

(–9.7 to 0.7) 
0.09 

GD 53.8 ± 13.8 44.8 ± 8.9 9.0 

Data are means ± SD. Glycemic variability was calculated with the use of EasyGV 
software. A default of 120 was used for M-value analysis. P values are for comparisons 
between IDeg and IGlarU300. *P < 0.05. 
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Table 4 Percentage of sensor glucose readings within, above, or below the target 
glucose range (n = 32) 

Range 
(mg/dL) Group 1st period 2nd period 

Mean of 
difference 
1st–2nd 

Mean of difference 
IDeg–IGlar U300 

(95% CI) 
P value 

>250 
DG 6.5 ± 7.4 8.1 ± 8.0 –1.6 –2.0 

(–4.4 to 0.5) 0.11 
GD 3.4 ± 4.3 1.1 ± 1.4 2.3 

>180 
DG 22.2 ± 13.6 31.1 ± 16.3 –8.9 –4.9 

(–9.1 to –0.6) 0.03* 
GD 15.2 ± 12.7 14.4 ± 11.4 0.8 

70–180 
DG 60.8 ± 12.6 60.5 ± 13.1 0.3 0.5 

(–3.8 to 4.7) 0.83 
GD 62.6 ± 10.4 63.2 ± 12.3 –0.7 

<70 
DG 17.0 ± 13.5 8.4 ± 7.7 8.7 4.4 

(0.4 to 8.4) 0.04* 
GD 22.3 ± 13.0 22.4 ± 16.3 –0.1 

<54 
DG 8.8 ± 8.2 3.8 ± 4.8 5.0 2.6 

(–0.2 to 5.5) 0.07 
GD 11.9 ± 10.1 12.1 ± 11.1 –0.3 

Data are means ± SD. P values are for comparisons between IDeg and IGlarU300. *P < 
0.05. 
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FIGURE LEGEND 
 
Fig. 1 Mean difference and its 95% CI for the SD of FBG (A), mean of FBG (B), and 
CV of FBG (C) between the IDeg treatment period and the IGlarU300 treatment period 
(n = 46). 
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SUPPLEMENTAL MATERIAL 
 
 
 
Effects of Insulin Degludec and Insulin Glargine U300 on Glycemic 
Stability in Individuals with Type 1 Diabetes: a Multicenter, 
Randomized Controlled Crossover Study 
 
 
 
Participating centers and principal investigators 
Principal investigators at the participating centers are as follows: KS (Kobe University 
Hospital, Obara Hospital), MKi (Nishiwaki Municipal Hospital), AT (Shinko Hospital), 
QC (Takatsuki General Hospital), TN (Kobe Rosai Hospital), YK (Kobe Century 
Memorial Hospital), TM (Kaisei Diabetes Clinic), KI (Hyogo Prefectural Kakogawa 
Medical Center), MKa (Yodogawa Christian Hospital), TO (Hyogo Brain and Heart 
Center), KY (Yokota Medical Clinic), KH (Kita-Harima Medical Center), and ST 
(Kakogawa Central City Hospital). 
 
 
  



Supplemental Table S1 Inclusion and exclusion criteria 

Inclusion criteria 

[1] Individuals with type 1 diabetes aged ≥20 years with a serum immunoreactive C-peptide level of 

<0.2 ng/mL (confirmed at least twice). 

[2] Individuals who had been treated for at least 1 year with basal-bolus insulin injections. 

[3] Individuals with the ability to perform self-monitoring of blood glucose (SMBG). 

[4] Individuals with the ability to perform professional continuous glucose monitoring (CGM). 

 

Exclusion criteria 

[1] Glycated hemoglobin (HbA1c) level of ≥9.0%. 

[2] Treatment with drugs that affect glucose metabolism (such as beta-blockers, corticosteroids, and 

monoamine oxidase inhibitors). 

[3] A history of myocardial infarction, angina, coronary bypass surgery, or heart failure within the 

previous 6 months. 

[4] The presence of severe hypertension (systolic blood pressure of ≥180 mmHg or diastolic blood 

pressure of ≥100 mmHg). 

[5] The presence of severe liver dysfunction (serum aspartate aminotransferase or alanine 

aminotransferase levels of ≥2.5 times the upper limit of normal). 

[6] The presence of severe renal impairment (serum creatinine level of ≥2.0 mg/dL). 

[7] Frequently recurring severe hypoglycemia or hospitalization because of severe hypoglycemia or 

diabetic ketoacidosis within the previous year. 

[8] Proliferative diabetic retinopathy with a high risk of hemorrhage. 

[9] Actual or possible pregnancy or breastfeeding or no use of adequate contraception (adequate 

contraceptive measures as recommended by local regulations or practice guidelines). 

[10] A diagnosis of cancer. 

[11] Diagnosis of a complicating psychiatric disorder. 

[12] Alcoholism or other drug addiction. 

[13] Diabetes other than type 1, or type 1 diabetes with preserved insulin-secretory capacity. 

[14] Rejection of SMBG or CGM. 

[15] Declared as otherwise ineligible for the study by an investigator. 

 
  



Supplemental Fig. S1 

 
Supplemental Fig. S1 Study design. Eligible patients were randomly allocated to the 
IDeg-first/IGlarU300-second group (upper arm) or the IGlarU300-first/IDeg-second 
group (lower arm). In the IDeg-first/IGlarU300-second group, the basal insulin was 
switched after 4 weeks from IDeg to IGlarU300, whereas in the IGlarU300-first/IDeg-
second group the basal insulin was switched after 4 weeks from IGlarU300 to IDeg. 
Data—including seven SMBG measurements per day, CGM results, and insulin dosage—
were collected during the last week of each treatment period. 
  



Supplemental Fig. S2 

 
Supplemental Fig. S2 Consolidating standards of reporting trials (CONSORT) 
diagram of participants. *These individuals were excluded from the CGM analysis set 
because of a CGM data coverage ratio of <70%. FAS, full analysis set.  
 
 
  



Supplemental Fig. S3 

 
Supplemental Fig. S3 Median and quartile values for sensor glucose levels 
determined by CGM in each treatment period (n = 32).  
The black line (IDeg) and gray line (IGlarU300) denote the median values, and the shaded 
regions correspond to the interquartile ranges. 
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