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ABSTRACT

Introduction: We aimed to compare the effi-
cacy of insulin degludec/insulin aspart (IDe-
gAsp) and insulin = degludec/liraglutide
(IDeglira) in controlling glucose fluctuation
and suppressing postprandial glucose levels
using intermittently scanned continuous glu-
cose monitoring.

Methods: Twenty-four patients with type 2
diabetes mellitus were randomly allocated to
receive either IDegLira or IDegAsp followed by
IDegAsp or IDeglira, respectively. A crossover
study was conducted with intermittently scan-
ned continuous glucose monitoring. We com-
pared the postprandial blood glucose level, time
in range, and time below range from a 3-day
intermittently scanned continuous glucose
monitoring period for each treatment group.
Results: The time in range was significantly
higher in IDeglira than in IDegAsp. Postpran-
dial glucose levels 90 and 120 min after
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breakfast and 60, 90, and 120 min after lunch
were significantly lower for IDegLira than for
IDegAsp. However, postprandial glucose levels
90 and 120 min after supper were significantly
lower for IDegAsp than for IDegLira. There was
no significant difference in the time below
range between IDegLira and IDegAsp.

Conclusion: 1Deglira was more effective in
treating type 2 diabetes mellitus than IDegAsp,
as indicated by a higher time in range and lower
postprandial glucose level at breakfast and
lunch. This study was registered with the
University Hospital Medical Information Net-
work Clinical Trial Registry (UMIN 000039221).
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Key Summary Points

Why carry out this study?

Basal-supported oral therapy has three
unmet medical needs: hypoglycemia,
weight gain, and glycemic control.

Intensive insulin therapy is sometimes
needed but patients are burdened by the
high number of injections.

This study aimed to compare the efficacy
of IDegAsp and IDegLira in controlling
glycemic variability and suppressing
hypoglycemia.

What was learned from the study?

IDegLira had a higher time in range
(70-180 mg/dL) than IDegAsp.

IDegLira had a lower glucose variability
curve after breakfast and lunch than
IDegAsp.

INTRODUCTION

Type 2 diabetes mellitus (T2ZDM) is a progressive
disease, and many patients require intensive
insulin therapy with rapid-acting and long-act-
ing insulin. Compared with conventional ther-
apies, early implementation of strict glycemic
control reduces the 10-year relative risk of total
mortality, myocardial infarction, and microan-
giopathy [1]. Intensive insulin therapy requires
several daily injections; however, 23.1% of
patients with T2DM are burdened by the mul-
tiple injections [2]. Therefore, basal-supported
oral therapy (BOT) with basal insulin is often
performed. However, BOT has three major
adverse effects: hypoglycemia [3], weight gain
[4], and fluctuating glycemic control [5].
Hypoglycemia increases the cost of emergency
transportation and hospitalization, triggers
adverse socio-economic effects such as acci-
dents, incapacity to work, and reduced work
efficiency [6], and increases the risk of

developing dementia [7, 8]. Approximately
57.9% of patients with T2DM reduce their
insulin unit after the onset of severe hypo-
glycemia [9], and 79.0% of physicians indicate
that the risk of hypoglycemia prevents them
from initiating a more aggressive treatment [2].
Failure to intensify treatment of T2DM because
of hypoglycemia leads to clinical inertia, thus
failing to achieve the glycated hemoglobin
(HbAlc) target [2]. Approximately half of
patients with T2DM treated with basal insulin
do not reach their HbAlc level target [5, 10, 11].
Weight gain due to insulin treatment also
impedes HbAlc goal attainment [4, 5, 10, 11].
Additionally, weight gain increases the risk of
cardiovascular disease [12]. A previous study
showed that the mean HbAlc levels were 9.6%
when insulin treatment was recommended, and
these concerns regarding adverse effects could
justify physicians’ hesitation to initiate insulin
treatment [13].

Insulin degludec/insulin aspart (IDegAsp)
(Ryzodeg®; Novo Nordisk A/S, Bagsvaerd, Den-
mark) is a fixed-ratio combination (FRC) con-
taining insulin degludec (IDeg), long-acting
basal insulin, and insulin aspart (IAsp), a rapid-
acting insulin, at a ratio of 7:3. If HbAlc levels
in patients with T2DM are above the target for
treatment with basal insulin, bolus insulin or
premixed insulin is recommended before the
largest meal [14]. Once-daily IDegAsp therapy
showed a significant reduction in HbAlc level
compared with once-daily insulin glargine
U-100 (IGla100); however, weight gain was
comparable [15], and nocturnal hypoglycemia
associated with strict glycemic control was
suppressed [16]. Therefore, the insufficient
therapeutic effect of BOT can be addressed by
once-daily IDegAsp therapy that enhances the
treatment and suppresses the risk of hypo-
glycemia without increasing the number of
injections. Another formulation is insulin
degludec/liraglutide (IDegLira) (Xultophy®;
Novo Nordisk A/S, Bagsvaerd, Denmark), a once-
daily FRC containing IDeg and liraglutide (Lira),
a glucagon-like peptide 1 receptor agonist (GLP-
1RA). Since GLP-1RA promotes insulin secretion
in a glucose-dependent manner and suppresses
glucagon secretion [17], the risk of hypo-
glycemia is lower than that for a hypoglycemic
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effect due to insulin action. IDegLira adminis-
tered once daily resulted in significantly lower
HbA1lc levels and weight loss compared with
once-daily 1Gla100; however, the rate of hypo-
glycemia was comparable [18]. Moreover, once-
daily IDegLira showed a significant decrease in
HbAlc level and weight loss compared with
once-daily IDeg and a significant decrease in
HbAlc level but weight gain compared with
GLP-1RA injection therapy [19, 20]. This weight
gain may occur at the time of insulin initiation.
Therefore, in patients with T2DM where BOT
and GLP-1RA treatment have an insufficient
therapeutic effect, once-daily IDeglira can
enhance treatment, reduce the risk of hypo-
glycemia, and improve weight loss or suppress
weight gain without increasing the number of
injections.

Thus, the use of IDegAsp and IDeglira to
treat T2DM is expected to address the three
unmet medical needs and maintain a life span
and quality of life similar to those of a healthy
person. However, no reports have directly
compared the two FRCs. We aimed to deter-
mine the difference in efficacy for hypo-
glycemia and glycemic variability (GV) between
IDegAsp and IDeglira using intermittently
scanned continuous glucose monitoring
(isCGM) in hospitalized patients with T2DM
admitted for glycemic control.

METHODS

Study Design and Participants

This randomized, open-label, crossover-con-
trolled trial of patients with T2DM was con-
ducted from February 2020 to October 2020. We
explained the significance, purpose, and
method of this study to the participants and
obtained written informed consent from all
participants before enrollment. The study was
performed in accordance with the Declaration
of Helsinki (1975, as revised in 2013). The pro-
tocol was reviewed and approved by the Ethics
Committee of the Minami Osaka Hospital (No.
2019-16). We enrolled 24 participants with
T2DM hospitalized in Minami Osaka Hospital
for the purpose of improving glycemic control,

diet and exercise therapy, diabetes education,
and scrutiny of diabetic complications.

The inclusion criteria were as follows: (1)
patients aged between 20 and 80 years; (2)
patients diagnosed with T2DM at least 1 year
before the initiation of the study and treated
with oral hypoglycemic agents or long-acting
insulin for at least 6 months before screening
(however, patients using drugs containing IDeg,
including IDegLira and IDegAsp, were exclu-
ded); and (3) patients with HbAlc level from
7.0% to 11.0%.

The exclusion criteria were as follows: (1)
patients with a history of severe ketosis, diabetic
coma, or precoma within 6 weeks of study ini-
tiation; (2) patients with severe hypoglycemia
(diabetic coma or precoma, convulsions, and
others, requiring the assistance of a third party)
within 6 weeks of study initiation; (3) patients
with severe renal dysfunction (estimated
glomerular filtration rate [eGFR] < 30 mL/min/
1.73 m? or serum creatinine level > 2.0 mg/dL)
or patients with end-stage renal disease on
dialysis; (4) patients with proliferative
retinopathy (however, patients who underwent
photocoagulation and had stable symptoms
were eligible); (5) patients with a history of
surgery for severe gastrointestinal disorders; (6)
pregnant or breastfeeding women or those who
became pregnant during the study; (7) patients
with severe infections, before and after surgery,
and those with severe trauma; (8) patients
receiving systemic corticosteroids; (9) patients
with severe liver dysfunction (aspartate amino-
transferase or alanine aminotransferase level
of > 100 IU/L); (10) patients with a history of
allergies to IDegLira or IDegAsp; (11) patients
with malignant tumors or a history of malig-
nant tumors; and (12) patients considered
inappropriate participants by the physician.
After applying the inclusion and exclusion cri-
teria, 24 participants were obtained and
assigned using blocked randomization with
randomly selected block sizes at a ratio of 1:1 to
receive either IDegLira or IDegAsp followed by
IDegLira or IDegAsp, respectively, using Mujin-
wari by YK (Supplementary Fig. S1).

The study protocol is illustrated in Supple-
mentary Fig.S2. At baseline, the day after
obtaining consent for participation, blood
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samples were collected early in the morning
after a fasting period of at least 10 h. If oral
hypoglycemic agents were taken as pretreat-
ment, the dosage was not changed during the
study period. However, participants on dipep-
tidyl peptidase 4 inhibitor (DPP4i) therapy at
the time of consenting to this study had to stop
taking DPP4i. In the IDegLira-preceding group,
participants were injected just before supper
with a starting dose of 10 doses of IDegLira
(1 dose of IDegLira contains IDeg 1U and Lira
0.036 mg). However, a lower dose could also be
injected depending on the participants’ condi-
tion, including age, renal function, and the
status of glycemic control. When long-acting
insulin was used for the pretreatment, the
starting dose could be increased to a maximum
of 16doses depending on the pretreatment
insulin unit and state of glycemic control of the
participants. In the IDegAsp-preceding group,
participants were injected once daily just before
supper with a starting unit of 4-20 units of
IDegAsp. If long-acting insulin was used before
this study, the starting units of IDegAsp were set
so that the units of IDeg would be similar to the
long-acting insulin unit in the pretreatment.
During this study period, self-monitoring of
blood glucose (SMBG) was performed four times
a day before each meal and before bedtime. The
doses of IDegLira and the units of IDegAsp were
titrated to ensure that the preprandial glucose
level at breakfast by SMBG was 100-119 mg/dL.
The dose and unit titration algorithm for IDe-
glira and IDegAsp was based on the median
preprandial glucose level at breakfast by SMBG
for the last three consecutive days, as follows:

e > 140 mg/dL: IDegLira, IDegAsp + 3 doses
and unit increase.

e 120-139 mg/dL: IDeglira,
doses and unit increase.

¢ 100-119 mg/dL: No change.

e 70-99 mg/dL: IDeglira, IDegAsp — 2 doses
and unit reduction.

e <70mg/dL or in symptomatic hypo-
glycemia and the appearance of gastroin-
testinal symptoms, the IDegLira doses and

IDegAsp + 2

IDegAsp units were reduced by > 3 at the
discretion of the physician.

After participants achieved the target
preprandial glucose level at breakfast, isCGM
(Freestyle Libre Pro™; Abbott Diabetes Care,
Alameda, CA) was attached to them for 15 days.
To avoid glucose toxicity effects, hypoglycemia,
and gastrointestinal symptoms due to FRC, at
least 10 days were needed to adjust the doses of
IDegLira and the units of IDegAsp until the start
of iSCGM attachment. On day5 of isCGM
attachment, the IDegLira-preceding group was
switched to IDegAsp, and the IDegAsp-preced-
ing group was switched to IDegLira. As a rule,
the switching unit was set such that the amount
of IDeg in each FRC at the time of the final
injection was the same. When glucose levels
were below 70 mg/dL or symptomatic hypo-
glycemia occurred, the dose was appropriately
reduced. The IDegLira switching dose when
changing from IDegAsp to IDegLira was set as
[DegAsp unit x 0.7 doses when the number of
IDegAsp units was 14 or less. When the number
of IDegAsp units was 15 or more, IDegLira was
started by switching 10 doses (up to 16 doses
were possible). In the absence of hypoglycemia,
hypoglycemic symptoms, or digestive symp-
toms, the dose of IDegLira was increased every
3 days. Finally, the dose of IDegLira reached the
unit of IDegAsp x 0.7 doses. After switching,
the doses of IDegLira and the units of IDegAsp
were titrated between days 5 and 10 of isCGM
attachment. The data for treatment period 1
(3 days from day 2 to 4 of isSCGM) and data for
treatment period2 (from day11 to 13 of
isCGM) were used. Blood tests were performed
the day after obtaining consent from the par-
ticipants for this study, crossover day of each
FRC (day 5 of isCGM attachment), and end date
of the study (day 15 of isCGM attachment).

During hospitalization, a hospital diet of
approximately 28 kcal/ideal body weight/day
was provided to all participants at the same
time. The calorie distribution was breakfast
30%, lunch 32%, and supper 38%.
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Outcome Measures

The primary and secondary endpoints of this
study were evaluated on the basis of three
consecutive days of the isSCGM for each treat-
ment period. The primary endpoints were the
percentage of reading and time of glucose levels
of 70-180 mg/dL—time in range (TIR) and glu-
cose levels 60, 90, and 120 min after each meal
and percentage of reading and time of glucose
levels below 70 mg/dL—time below range (TBR
level 1) [21, 22]. The secondary endpoints were
the percentage of reading and time of glucose
levels of 180 mg/dL or higher—time above
range (TAR); percentage of reading and time of
glucose levels below 54 mg/dL—TBR level 2;
percentage of reading and time of nocturnal
(00:00-06:00) TBR level 1 [21]; 24-h mean glu-
cose levels; 00:00-06:00 mean glucose levels;
24-h standard deviation (SD) of GV [23]; 24-h
coefficient of variation (CV) of GV [24]; rate of
24-h CV of at most 36% [21]; and 24-h M value
(the standard glucose level was set to 100 mg/
dL) [25]. Additional secondary endpoints
included the mean amplitude of glycemic
excursion (MAGE) [25], mean postprandial
glucose excursion (MPPGE) [26], mean of daily
difference (MODD) [25], preprandial glucose
level at each meal, and IDeg unit included in
each FRC. Furthermore, the primary and sec-
ondary endpoints of the pretrial DPP4i therapy
(DPP4i group or non-DPP4i group) were
evaluated.

Statistical Analyses

Data are shown as means £ SDs unless other-
wise noted. A two-tailed paired Student’s t test
was used to compare GV indices [27], and a 7>
test was performed to determine the difference
in frequency between the two groups. The car-
ryover and period effects in this crossover study
were verified using the repeated measured
analysis of variance according to the Grieve
method [28]. A Pearson product-moment cor-
relation test was used to determine the correla-
tion coefficient between the two variables. A
p value of less than 0.05 was considered statis-
tically significant. The sample size was

calculated by the fasting plasma glucose differ-
ence between IDegLira and IDegAsp using a
priori power analysis with a meaningful fasting
plasma glucose difference of 23.0 mg/dL
[29, 30], a common SD of 26.0 mg/dL, and a
power of 0.8. The result was 24 [31]. All statis-
tical analyses used EZR software version 1.37
[32].

RESULTS

Participant Characteristics

Table 1 shows the characteristics of the study
participants. A total of 24 participants were
randomly assigned to the IDegLira and IDegAsp
group or the IDegAsp and IDeglira group in a
1:1 ratio. All participants completed the study
without dropout (Supplementary Fig. S1). The
only adverse events were loose stools in one
case and abdominal discomfort in another
when using IDeglira; however, both events
were mild, and the participants had no problem
with continuing the study. In addition, severe
hypoglycemia requiring the assistance of a
physician or nurse did not occur during the
study period. The mean number of days for
injection dosage titration was 10.7 days for the
[DegLira and IDegAsp group and 10.5 days for
the IDegAsp and IDegLira group. The mean age
of the participants was 65.4 years, the mean
body mass index was 29.0 kg/m?, the mean
HbAlc level was 8.8%, the mean C-peptide
index (fasting C-peptide immunoreactiv-
ity x 100/fasting plasma glucose) was 1.4, and
the mean eGFR was 65.3 mL/min/1.73 m?.
There were no significant differences in all
parameters between the groups.

Comparison of the Efficacy Between
IDegLira and IDegAsp

Table 2 shows the isCGM parameters of glucose
variability. Regarding the primary endpoint of
this study, TIR was significantly higher in IDe-
gLira than in IDegAsp (g = 0.022). There was no
significant difference between IDegLira and
[DegAsp in glucose levels 60 min after breakfast
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Table 1 Baseline characteristics of participants

Overall (z = 24) IDegLira/IDegAsp (» = 12) IDegAsp/IDegLira (2 = 12) p value®

Age (years) 654 £ 9.6 62.3 + 108 685 + 7.6 0.120
Duration of diabetes (years) 12.8 + 8.3 118 & 65 13.8 £ 10.0 0.583
Sex, male, 7 (%) 15 (62.5) 8 (66.7) 7 (58.3) 0.673
BMI (kg/m>) 29.0 £ 62 311+ 7.8 268 £ 3.0 0.095
HbAlc (%) 8.8 £ 1.1 9.1+ 12 85 + 1.1 0.236
CPI 14+ 12 1.8 £ 1.5 1.0 £ 0.7 0.131
eGFR (mL/min/1.73 m®) 653 £173 64.0 £ 19.9 66.5 £ 15.0 0.730
TG (mg/dL) 1694 & 934 196.0 £ 117.5 142.8 & 53.9 0.168
LDL-C (mg/dL) 105.0 & 30.0 110.1 &+ 25.5 100.5 £ 344 0.446
HDL-C (mg/dL) 544 £ 16.0 50.7 £ 129 58.1 £+ 185 0.266
S-albumin (g/dL) 40 £ 05 42 +£03 39 £ 07 0.276
Glucagon (pg/mL) 180.0 &+ 29.8 185.2 &+ 39.0 1749 + 16.9 0.412
DPP4 inhibitor (pretrial), » 14 8 6 0.705
Antihyperglycemic drugs other than DPP4 inhibitor

Metformin, 7 21 11 10 0.537

SGLT?2 inhibitor, 7 15 9 6 0.206

Data are presented as means = SDs

IDegLira insulin degludec/liraglutide, IDegAsp insulin degludec/insulin aspart, IDegLira/IDegAsp switching to IDegAsp
after prior administration of IDegLira, IDegAsp/IDegLira switching to IDegLira after prior administration of IDegAsp, BMI
body mass index, HbAlc glycated hemoglobin, CPI C-peptide index, eGFR estimated glomerular filtration rate, 7G
triglyceride, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, DPP4 dipeptidyl

peptidase 4, SGLT?2 sodium-glucose cotransporter 2

, 2 . L
*Student’s # test or x~ test was used to compare data between the two groups. IDegLira, IDegAsp, and antidiabetic drug

dosages did not change throughout the study period

and 60 min after supper (q > 0.05). Postprandial
glucose levels 90 (g = 0.016) and 120 (g = 0.002)
min after breakfast, and 60 (g = 0.007), 90
(g = 0.002), and 120 (g = 0.001) min after lunch
were significantly lower for IDeglira than for
IDegAsp. However, postprandial glucose levels
90 (g =0.030) and 120 (g =0.016) min after
supper were significantly lower for IDegAsp
than for IDegLira. TBR level 1 was not signifi-
cantly different between IDegLira and IDegAsp
(g > 0.05). Carryover (p=0.536) and period
effect (p =0.096) were not observed in this
study.

Regarding the secondary endpoints of this
study, TAR, TBR level 2, nocturnal
(00:00-06:00) TBR level 1, 24-h mean glucose
levels, 00:00-06:00 mean glucose levels, the rate
of 24-h CV, the rate of 24-h CV of at most 36%,
24-h M value (target glucose level = 100 mg/
dL), MAGE, MPPGE, MODD, and preprandial
glucose level at breakfast were not significantly
different between IDegLira and IDegAsp
(g > 0.05). In contrast, IDegLira had a signifi-
cantly lower effect than IDegAsp for 24-h SD of
GV, preprandial glucose level at lunch, and
preprandial glucose level at supper (q = 0.008,
0.008, and 0.007, respectively). IDeg units
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Table 2 isCGM parameters of glucose variability in patients treated with IDegLira or IDegAsp

IDegLira IDegAsp p value g value
Time in target glucose range (target range 70-180 mg/dL) (%) 863 £ 10.1 763 £ 15.0 0.009* 0.022*
Postprandial glucose level 60, 90, and 120 min (in order) after 160.0 + 38.1 169.5 + 45.8 0.178  0.240
breakfast (mg/dL) 1499 + 369 1688 + 418 0.005° 0.016*
140.8 &+ 37.0 166.3 £ 41.6 < 0.001* 0.002*
Postprandial glucose level 60, 90, and 120 min (in order) after lunch 1534 £ 42.0 177.2 &+ 44.2 0.001* 0.007*
(mg/dL) 1525 4 405 1802 %+ 464 < 0.001* 0.002*
145.6 £ 35.7 1747 £ 462 < 0.001* 0.001*
Postprandial glucose level 60, 90, and 120 min (in order) after supper 175.0 £ 36.4 169.4 £ 43.5 0.406 0.498
(mg/dL) 179.0 £ 390 1613 £ 457  0.014° 0.030"
168.6 + 41.0 1489 + 42.7 0.006* 0.016*
Time above target glucose range (above target level > 180 mg/dL) (%) 94 + 83  161+152 0062 0.112
24-h SD (mg/dL) 34.6 £ 10.0 403 + 11.3 0.002* 0.008*
24-h CV (%) 285+£75 311 +67 0.027°  0.055
24-h CV < 36%, 7 (%) 20 (83.3) 18 (75.0) 0722 0780
24-h M value (target glucose level 100 mg/dL) 56440  88+76 0.080  0.135
MAGE (mg/dL) 80.9 £ 249 89.0 + 303 0.084 0.133
MPPGE (mg/dL) 78.1 £ 232 779 £ 21.0 0.944 0944
MODD (mg/dL) 203 £ 6.6 212 £ 8.3 0.689 0.775
24-h mean glucose level (mg/dL) 122.1 + 18.7 1293 £+ 25.1 0.051 0.099
00:00-06:00 h mean glucose level (mg/dL) 91.1 202 915 %+ 21.8 0.906 0.941
Preprandial glucose level at breakfast (mg/dL) 969 £ 188 952 +213 0601 0706
Preprandial glucose level at lunch (mg/dL) 120.1 £ 30.0 138.9 £ 40.3 0.002* 0.008*
Preprandial glucose level at supper (mg/dL) 1153 + 263 1351 + 423 < 0.001* 0.007*
Time below target glucose range (below target level < 70 mg/dL) (%) 4.3 £ 5.7 7.6 = 8.6 0.125 0.188
Time below target glucose range (below target level < 54 mg/dL) (%) 0.6 + 1.9 0.1 £05 0273  0.351
Nocturnal time below target glucose range (below target 31+ 43 5.4+ 6.4 0.158 0.225
level < 70 mg/dL) (%)
Fixed-ratio combination injection dose/day and U/day 15.1 +5.8 188 £ 7.8 - -
IDeg included in the fixed-ratio combination injection (U/day) 15.1 £ 5.8 13.1 £5.5 0.005* 0.016*

2
Data are presented as means = SDs. Student’s £ test or ~ test was used to compare data between the two groups

isCGM intermittently scanned continuous glucose monitoring, IDeglira insulin degludec/liraglutide, IDegAsp insulin
degludec/insulin aspart, SD standard deviation of glucose level, CV coefficient of variation, MAGE mean amplitude of

glycemic excursion, MPPGE mean postprandial glucose excursion, MODD mean of daily difference
*Indicates a statistically significant difference between the groups
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Fig. 1 Three-day mean glycemic variability curve for all 24
participants obtained from isSCGM data. The solid and
dotted lines show the glycemic variability curves of
participants injected with IDegLira and IDegAsp, respec-
tively. isCGM intermittently scanned continuous glucose
monitoring, IDegLira insulin degludec/liraglutide, IDegAsp
insulin degludec/insulin aspart

included in the FRC injection were significantly
less in IDegAsp than in IDegLira (q = 0.016)
(Table 2). There was almost no difference in the
primary and secondary endpoints for pretrial
DPP4i therapy (Supplementary Table S1).
Figure 1 shows the mean glucose variability
curve measured by isSCGM for three consecutive
days. A lower glucose variability curve was

(@ (%) IDeglLira

45 - r=-0.430
. p=0.036
04 & (n = 24)

35 -

30
25
20
15 .
10 +
5

24-h Coefficient of variation

(b) (%)

O T T T T T
0 1 2 3 4 5
C-peptide index

Fig. 2 Relationship between the baseline CPI values and
24-h CV of glycemic variability. A Pearson product-
moment correlation test was used to determine the
correlation coefficient between the two variables. CPI

demonstrated under IDeglira treatment than
under IDegAsp treatment after breakfast and
lunch. Conversely, a lower glucose variability
curve was demonstrated under IDegAsp treat-
ment than under treatment IDegLira after sup-
per. The nocturnal glucose variability curve
(00:00-06:00) was similar in both groups.

Correlation Between CPI and CV
in Patients with T2DM Treated
with IDegLira and IDegAsp

This study analyzed the correlation between
baseline CPI values and 24-h CV of GV during
the treatment period with IDeglira and IDe-
gAsp. A significant negative correlation was
found between the CPI and 24-h CV of GV
during the treatment period with IDeglira
(r= —0.430, p =0.036) (Fig.2a). In contrast,
no correlation was found between the CPI and
24-h CV of GV during the treatment period by
IDegAsp (Fig. 2b).

CPI Cutoff Value Increasing the Risk
of Hypoglycemia in IDegLira

The cutoff value for the risk of hypoglycemia in
patients with T2DM has been reported as 27%
of 24-h CV of GV [33]. Using this cutoff value,

IDegAsp

45 | . r=_-0174
p=0.174
404 (n =24)
3B & .
30 -
25_. L]
20 -
15
10 -
5_
0 T T T T T 1
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Fig. 3 Recciver operating characteristic (ROC) curve for
24-h CV value of 27% in C-peptide index (CPI) in
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we applied receiver operating characteristic
(ROC) analysis to derive the CPI at risk of
hypoglycemia in IDegLira. Assuming that the
risk of hypoglycemia is avoided to satisfy the
24-h CV value of at most 27% blood glucose
variability, the predictive ability was the highest
when the CPI cutoff value was 1.350; the sen-
sitivity was 66.7%, the specificity was 80.0%,
and the area under the curve for the 24-h CV
value of GV of at most 27% was 0.87 (95%
confidence interval, 0.72-0.99) (Fig. 3).

DISCUSSION

In this study, treatment using IDegLira signifi-
cantly increased TIR and significantly reduced
postprandial glucose levels, except for post-
prandial glucose levels at supper, compared
with treatment using IDegAsp. A previous
report indicated that the HbAlc levels were
approximately 7.0% when the TIR in isCGM
was 70% [34]; therefore, the target value for
diabetes treatment using iSCGM should be at
least 70% in TIR [21]. Accordingly, we included
patients with HbAlc levels of at least 7.0% in

this study, and both IDeglira and IDegAsp
achieved a TIR of at least 70%. However, TIR
was higher in IDegLira than in IDegAsp, which
decreased TBR, thereby improving glycemic
control, minimizing hypoglycemia, and reduc-
ing the risk of diabetic complication. Lira
reaches its maximum concentration after
8-12 h, and its half-life is 13 h in long-acting
GLP-1RA [35], promoting insulin secretion in a
glucose-dependent manner. In this study, the
mean dose of IDeglira was approximately
15 doses; the content of Lira was approximately
0.6 mg in 15 doses. Lira had a dose-dependent
effect of lowering postprandial blood glucose
levels [36]. IDegLira lowered postprandial glu-
cose levels at breakfast and lunch compared
with that by IDegAsp. The peak postprandial
glucose level after breakfast and lunch of IDe-
glira was 60 min; IDeglira may more greatly
suppress the postprandial glucose levels because
in Japanese people with T2DM, there is delay in
postprandial insulin secretion [37]. Lira 0.6 mg
in 15 doses slightly weakens the suppression of
glucose increment after supper, which is the
largest meal of the day. We postulate that the
postprandial glucose level of IDegAsp at supper
was significantly lower than that of IDegLira
because the glucose-suppressing effect of [Asp in
IDegAsp was stronger than that of Lira. Fur-
thermore, as shown in Fig. 1, because of the
effect of IAsp, the GV curve from the end of
supper to approximately 00:00 in IDegAsp was
lower than that in IDegLira. The glucose vari-
ability curve was similar in both groups from
00:00 to 06:00; there was no significant differ-
ence in the mean glucose levels and hypo-
glycemia rate between the two groups,
assuming that the risk of nocturnal hypo-
glycemia did not differ between the two groups.
There are no reports comparing the efficacy and
safety of once-daily and twice-daily injection
therapy of IDegAsp. Once-daily IDegAsp may be
appropriate for patients with T2DM who follow
an irregular diet and a high-calorie intake at
supper, such as a carbohydrate-rich Japanese
diet [38]. However, if a single injection of IDe-
gAsp before the largest meal is inadequate, a
twice-daily injection regimen may be recom-
mended to improve TIR and postprandial glu-
cose level at breakfast [14]. Comparison of the
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IDeg units in FRC between the two treatment
groups showed that IDegAsp had a significantly
lower IDeg unit than had IDeglira. This is
because [Asp lowered the postprandial glucose
level at supper, followed by the glucose levels at
night and before breakfast (07:30), which may
have reduced the unit of IDegAsp. IDegLira had
a significantly smaller effect on 24-h SD of GV
and 24-h CV of GV than had IDegAsp. This is
because Lira stimulates insulin secretion in a
glucose-dependent manner and corrects hyper-
glycemia. The HbA1c level is frequently used as
an index for glycemic control, although it has
been clarified that lowering HbA1c level has less
effect in suppressing macroangiopathy than
microangiopathy [39]. In contrast, it has been
suggested that postprandial hyperglycemia is
associated with cardiovascular events and all-
cause mortality and is an independent risk fac-
tor for cardiovascular events [40, 41]. Treatment
with basal insulin + GLP-1RA significantly
suppresses 24-h SD of GV compared with pre-
mixed insulin treatment [42]; therefore, sup-
pression of postprandial hyperglycemia by
IDeglLira is important for preventing macroan-
giopathy in patients with diabetes and improv-
ing their prognosis.

We found a significant negative correlation
between the baseline CPI and 24-h CV of GV
during the IDeglira treatment period and not
during the IDegAsp treatment period. CPI is one
of the endogenous insulin secretory capacity
indicators since Lira promotes insulin secretion
in a glucose-dependent manner. Conversely,
IAsp has no such effect, and the difference in
the functions of the remaining pancreatic
B cells may reflect the difference between these
two FRCs and GV. In patients with T2DM, more
endogenous insulin secretory capacity sup-
presses postprandial glucose and reduces the
24-h CV of GV. In a study that used Lira as an
index of fasting glucose at breakfast, the CPI of
the Lira effective group was significantly higher
than that of the Lira ineffective group [43]. The
efficacy of Lira is associated with the remaining
pancreatic B-cell function at initiation [44].
Moreover, because Lira suppresses GV in drug-
naive patients with T2DM [36], treatment
intervention with IDegLira in the early stages of
diabetes may maintain glycemic homeostasis

and prevent cardiovascular diseases. A GV
(%CV) target of at most 36% is recommended as
a clinical target when interpreting the CGM
data [21]. This target is derived from the %CV of
patients with T2DM when the GV and risk of
hypoglycemia are considered [24]. In this study,
the 24-h CV of GV target (at most 36%) was
achieved at a high rate with no significant dif-
ference between IDegLira (83.3%) and IDegAsp
(75.0%). In addition, when using insulin or
sulfonylurea, the 24-h CV of GV should be
reduced to below 27% to avoid hypoglycemia
[33]. Since we used IDeg, the threshold of 24-h
CV of GV was 27%. ROC analysis of the CPI
when using IDegLira showed that the baseline
CPI cutoff value was 1.350. Besides, the baseline
CPI cutoff value for patients with T2DM who
received Lira for 54 weeks and achieved an
HbAlc level of below 7.0% was 1.86 [44].
Therefore, the CPI for preventing hypoglycemia
and achieving an HbAlc level of below 7.0%
will be approximately 1.6.

This study has some limitations. IDegLira
and IDegAsp are not available in all healthcare
economies. Additionally, our crossover study
comprised a small sample size of 24 participants
in a single facility. Furthermore, we analyzed
the 2-week results of isCGM since we conducted
this study during the hospital stay of the par-
ticipants. Although a short-term study with
Lira, which is similar to our study, showed that
continuous glucose monitoring can be used to
reduce mean glucose levels and also to improve
GV [36], IDeg and Lira have long half-lives for
insulin and GLP-1RA. Further, pancreatic p-cell
function may improve after glucose toxicity is
eliminated. Therefore, a slightly longer study
period may be required for maximum effect.
Although it was possible to analyze the index
related to glucose variability obtained from
isCGM data, a study of at least 1 year is required
to comprehensively investigate the changes in
body weight, HbAlc level, hypoglycemia, and
adverse events, such as gastrointestinal symp-
toms, and calorie intake. In addition, long-term
studies are needed to determine whether the
incidence of cardiovascular disease differs
between patients receiving IDegLira or IDegAsp.
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CONCLUSIONS

Patients with T2DM treated with IDeglLira had
higher TIR and significantly suppressed glucose
variability by lowering postprandial glucose
level at breakfast and lunch. In contrast, IDe-
gAsp significantly reduced postprandial glucose
levels at supper; however, nocturnal hypo-
glycemia was not significantly different
between the two groups. Both IDeglira and
IDegAsp are useful because they lower the risk
of hypoglycemia.
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