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Incretins reduce glycemic variability (GV) in patients with type 2 diabetes, but it is unknown whether switching from a
combination of basal insulin and a DPP-4 inhibitor to insulin degludec/liraglutide (IDegLira) improves GV. We performed an
exploratory prospective observational study to compare the effect of IDegLira and the combination on GV. We recruited
hospitalized patients with type 2 diabetes who had stable glycemic control with insulin degludec (<16 units/day) and taking a
DPP-4 inhibitor. GV was analyzed using continuous glucose monitoring (CGM) before and after switching the medication to
IDegLira. The principal endpoint was the change in mean amplitude of glycemic excursions (MAGE). Other indices of GV and
CGM parameters were analyzed as the secondary endpoints. Fifteen participants were enrolled and 12 completed the study. In
these participants, the DPP-4 inhibitor and insulin degludec were discontinued, and the equivalent dose of IDegLira was
commenced. Switching to IDegLira significantly improved MAGE from 74.9 (60.3, 97.7) mg/dL to 64.8 (52.0, 78.2) mg/dL
(P <0.05), as well as other indices of GV and 24-hour mean blood glucose concentration. Analysis of the ambulatory glucose
profile showed marked reductions in postprandial glucose concentration. Nocturnal glucose concentration was similar under
the two treatment regimens. IDegLira improved GV as well as the mean and the postprandial glucose concentration by
switching from insulin degludec plus DPP-4 inhibitor combination. IDegLira might be beneficial for patients being treated
with low-dose basal insulin.

1. Introduction

One of the important goals of the treatment of diabetes mel-
litus is to reduce the incidences of diabetic complications
and mortality by improving glycemic control. Various indi-
ces have been used to assess glycemic control, and one of
these, glycemic variability (GV), has been shown to contrib-
ute to the development of atherosclerosis and dementia

through an exacerbation of vascular endothelial dysfunction
[1]. Although glycated hemoglobin (HbAlc) is frequently
used to evaluate glycemic control in clinical practice, it is
now thought that stable glycemic control, with minimal
GV, is also required for the prevention of diabetic cardiovas-
cular complications in patients with type 2 diabetes (T2DM)
[2]. Therefore, the importance of therapies associated with
low GV has been advocated, and a number of studies have
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made use of continuous glucose monitoring (CGM) devices
to assess this [3-5].

Recently, injectable fixed-ratio combination formula-
tions of insulin degludec and the glucagon-like peptide-1
receptor agonist (GLP-1RA) liraglutide (IDegLira) have
been available. Although insulin treatment reduces fasting
plasma glucose (FPG) and HbAlc effectively, it also
increases the risks of hypoglycemia and weight gain [6].
On the other hand, GLP-1RAs reduce postprandial glucose,
but can have adverse gastrointestinal effects [7]. IDegLira is
expected to reduce these risks by decreasing required
amount of insulin and GLP-1RA for adequate glycemic
control [8].

Even in T2DM patients undergoing insulin therapy, an
oral hypoglycemic agent is also commonly administered,
and dipeptidyl peptidase-4 (DPP-4) inhibitors are the most
frequently used partner for insulin therapy in daily clinical
practice in Japan [9]. DPP-4 inhibitors are classified as
incretin-related drugs, and their therapeutic mechanism is
similar to GLP-1RAs. In previous studies, GLP-1RAs were
shown to be more potent to control blood glucose than
DPP-4 inhibitors, but the comparisons were performed
using high doses of GLP-1RAs; therefore, the effect of low
doses of GLP-1RAs on glycemic control, compared to those
of DPP-4 inhibitors, remains to be determined [10]. The
DUAL II Japan study compared the effect of IDegLira with
basal insulin therapy in a Japanese population. It showed
IDegLira improved glycemic control more effectively than
insulin degludec plus an oral hypoglycemic agent included
metformin, but no DPP-4 inhibitor [8]. However, impor-
tantly, it is unclear whether IDegLira would also have a
superior hypoglycemic effect to the use of basal insulin plus
a DPP-4 inhibitor. Furthermore, such comparisons have not
yet been reported with respect to GV.

In the present study, we aimed to determine the effect on
GV of switching patients with T2DM from treatment with a
combination of insulin degludec and a DPP-4 inhibitor to
IDegLira using ambulatory CGM. In contrast to previous
clinical trials, we evaluated the efficacy of IDeglira at rela-
tively low doses and the participants were restricted to the
patients on a combination therapy that included a DPP-4
inhibitor.

2. Materials and Methods

2.1. Study Design and Participants. We performed an explor-
atory, prospective, single-arm, observational study. Japanese
patients with T2DM who were hospitalized at Hokkaido
University Hospital were recruited between February 2020
and April 2021. The participants were thoroughly informed,
aged between 20 and 80 years, and had HbAlc values of
>6.5%. They were instructed to continue their dietary ther-
apy and had had stable blood glucose concentrations for
>3 days while regularly administering a DPP-4 inhibitor
and insulin degludec. A dose of insulin degludec for inclu-
sion criteria was within 16 units/day considering a maxi-
mum dose of IDeglira switching from basal insulin
therapy was restricted to 16 dose/day. We enrolled patients
for whom it was appropriate to switch from the combination
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therapy of a DPP-4 inhibitor and insulin degludec to IDe-
glira to achieve better glycemic control. Patients already
treated with weekly or daily GLP-1RAs were excluded. The
other exclusion criteria were as follows: (1) a history of
hypersensitivity to insulin degludec or liraglutide compo-
nents, (2) unstable diabetic retinopathy, (3) serious liver or
renal disease, (4) pregnancy or potential pregnancy, (5) dia-
betic ketosis/coma or precoma, (6) serious infection, recent
or scheduled surgery, or serious trauma, (7) poor compli-
ance with dietary therapy, (8) extremely poor insulin secre-
tory capacity, and (9) unsuitability for another reason.

The study protocol is illustrated in Figure 1. Before
enrolment, the participants had stabilized their fasting blood
glucose concentrations by means of therapy that included a
combination of insulin degludec and a DPP-4 inhibitor.
After obtaining written informed consent from the partici-
pants, a CGM device was attached, in accordance with the
manufacturer’s instructions. Then, the participants were
monitored for at least 48 hours while on their original com-
bination therapy, after which they were switched to IDegLira
at a dose that was equivalent to their dose of insulin deglu-
dec. After a 48-hour transition period, the participants were
monitored again for at least 48 hours. After these observa-
tion periods, the CGM device was removed, the data were
extracted, and the GV indices and CGM parameters for
the periods during which the participants were on the com-
bination therapy and IDegLira were compared.

The study was registered with the University Hospital
Medical Information Network (UMIN) (registration num-
ber UMIN 000039460). It was approved by the Institutional
Review Board of Hokkaido University Hospital Clinical
Research and Medical Innovation Center (019-0293) and
was conducted in accordance with the principles of the Dec-
laration of Helsinki and its amendments. Written informed
consent was obtained from all the participants.

2.2. Biochemical Analyses and Data Collection. Blood sam-
ples were collected after an overnight fast to measure plasma
glucose, C-peptide (CPR), HbAlc, and other parameters
using standard techniques. Estimated glomerular filtration
rate (eGFR) and C-peptide index were calculated using the
following formula: eGFR (mL/min/1.73m?) = 194 x Cr~1:0%
(mg/dL) x Age 2% x 0.739 (if female), according to the
Japanese Society of Nephrology criteria, CPI = 100 X fasting
CPR (ng/mL)/plasma glucose (mg/dL). A glucagon stimula-
tion test was also performed by intravenously injecting 1 mg
glucagon and collecting blood samples for the measurement
of plasma glucose and CPR before and 6 min after the injec-
tion. C-peptide immunoreactivity after glucagon stimulation
(ACPR) was calculated as the change in this parameter
between the two time points. This was used a surrogate for
endogenous insulin secretion. Thus, extremely poor insulin
secretory capacity was defined as fasting CPR < 0.3 ng/mL
and ACPR < 0.1 ng/mL. The body mass and height of the
participants were measured using a calibrated scale. Body
mass index (BMI) was calculated as body mass (kg) divided
by height (m?). Other data, including the age, sex, diabetes
medications, and medical history of the participants, were
also collected by the attending physicians.
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FIGURE 1: Flowchart for the study. DPP-4i: dipeptidyl peptidase-4 inhibitor; IDegLira: insulin degludec/liraglutide.

2.3. Continuous Glucose Monitoring. All the participants
underwent ambulatory CGM (FreeStyle Libre Pro sensor;
Abbott Diabetes Care, Alameda, CA, USA) for up to 14 con-
secutive days, and we analyzed the CGM data for at least a
48-hour period for each treatment regimen. The following
GV parameters were calculated using EasyGV software
[11]: the standard deviation of the glucose concentration
(SD), mean amplitude of glycemic excursions (MAGE)
[12], coefficient of variation (CV) [13], M value [14], mean
absolute glucose concentration (MAG) [15], continuous
overall net glycemic action (CONGA) [16], J-index [17],
high blood glucose index (HBGI) [18], mean of the daily dif-
terence (MODD) [19], average daily risk range (ADRR) [20],
and mean glucose concentration. We also calculated the per-
centage of the readings and the period of time per day that
the blood glucose was within the target range (TIR; 71-
180 mg/dL) and the periods of time the glucose concentra-
tion was below (TBR; <70mg/dL) and above (TAR;
>180mg/dL) the target range. The meal times in the hospital
started at 08:00, 12:00, and 18:00; we defined glucose
concentrations 0-60 minutes before these delivery times as
preprandial and 0-180 minutes after these times as post-
prandial. The nocturnal glucose concentration was defined
as the mean glucose concentration between 03:00 and
06:00. We defined severe hypoglycemia as a glucose
concentration < 54 mg/dL [21].

2.4. Data Analysis. The outcomes were analyzed using CGM
data collected during 48 consecutive hours for each treat-
ment. The primary endpoint of the study was the change
in MAGE associated with switching treatment. The second-
ary endpoints were other GV indices calculated using CGM
data, as described above, and the mean glucose concentra-
tion during each defined time period. Normally distributed
data are expressed as mean + SD and others are expressed
as median (interquartile range). Data were analyzed using
JMP Pro 14.0.0 (SAS Inc., Cary, NC, USA). For before-
and-after comparisons, Student’s ¢-test was used to analyze
parametric data and Wilcoxon’s signed-rank test was used
for nonparametric data. All the tests were two-sided, and P
< 0.05 was considered to represent statistical significance.

3. Results

3.1. Characteristics of the Participants. A flow diagram of this
study is shown in Figure 2. During the study period, 75
patients with T2DM were admitted to our department and
were screened for eligibility. Finally, we obtained informed
consent from 15 patients; however, three were excluded
because of problems with the device, deviation from the pro-
tocol, and poor insulin secretory capacity (n=1 each).
Therefore, 12 participants completed the study and their
data were analyzed. None of the participants adjusted the
amount of insulin administered during the first observation
period, and all the other drugs, except for DPP-4 inhibitors,
were continued during the study periods. Table 1 shows
details of patient characteristics. Patients tended to be obese
in Japanese criteria, and no patients were insulin dependent.
The number of units of insulin degludec that were adminis-
tered during the first assessment period was 7 (4.0, 9.5), and
the usage of oral hypoglycemic agents other than DPP-4
inhibitors is shown in Table 1. The median dose of liraglu-
tide contained in IDegLira was 0.25 (0.14, 0.34) mg/day.
The DPP-4 inhibitors used were linagliptin (5 mg; n = 5), vil-
dagliptin (100 mg; n = 4), and sitagliptin (50 mg; n = 3). Only
one of the participants administered bolus insulin therapy in
addition to insulin degludec, at a total daily dose of 14 units,
and this was not changed during the observation period.

Importantly, we confirmed the stability of the plasma
glucose concentration and the condition of the participants
by the self-measurement of blood glucose concentration
(SMBG) and body mass during preobservation and observa-
tion periods. The preobservation period started at least 3
days before the first observation period. No significant dif-
ferences were found between these two periods with respect
to FPG and body mass, which implies that the effects of hos-
pitalization on these parameters were minimal (Supplemen-
tary Table (available here)).

3.2. Comparison of Glucose Variability during Combination
Therapy and IDegLira. Table 2 shows a comparison of the
CGM parameters during combination therapy and IDegLira.
The main endpoint of the study, MAGE, significantly
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Patients in statistical analysis
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F1GURE 2: Flow diagram of this study. In total, 75 patients with type 2 diabetes hospitalized during the study periods. Of these, 57 patients
were excluded due to exclusion criteria. Fifteen patients were enrolled, and 3 patients dropped out. Finally, 12 patients completed the study.
T2DM: type 2 diabetes; DPP-4 inhibitor: dipeptidyl peptidase-4 inhibitor; GLP-1RA: glucagon-like peptide-1 receptor agonist.

TaBLE 1: Participant characteristics.

Variables
Age (years)

Total (n=12)
67.5 (53.5, 69.8)

Female sex (n) 7
BMI (kg/m?) 26.8 (23.7, 27.9)

Diabetes duration (years) 3.5 (0.5, 15.8)
FPG (mg/dL) 117.0 (102.8, 179.5)
HbAlc (%) 9.6+2.0
CPR (ng/mL) 1.97+1.2
CPI (ng/mL per mg/dL) 1.4+0.8
ACPR (ng/mL) 0.9+£0.8
UACR (mg/gCr) 11.9 (4.2, 41.8)
eGFR (mL/min/1.73m?) 70.1+16.1
IDeg (unit/day) 7 (4.0, 9.5)
IDegLira after switching (dose/day) 7 (4.0, 9.5)
The proportion of oral hypoglycemic agent

Metformin (%) 8 (66.7)
Alpha glucosidase inhibitors (%) 1(8.3)
Glinides (%) 1(8.3)
SGLT?2 inhibitors (%) 3 (25.0)
Bolus insulin (%) 1(8.3)
Total daily dose (units) 14

Values are expressed as mean + SD or median (interquartile range). BMI:
body mass index; FPG: fasting plasma glucose; HbAlc: glycated
hemoglobin; CPR: C-peptide; CPI: C-peptide index; ACPR: C-peptide
immunoreactivity after glucagon stimulation; UACR: urine albumin to
creatinine ratio; eGFR: estimated glomerular filtration rate; IDeg: insulin
degludec before switching; IDegLira: insulin degludec/liraglutide after
switching; SGLT2: sodium-glucose cotransporter 2.

decreased from 74.9 (60.3, 97.7) mg/dL to 64.8 (52.0, 78.2)
mg/dL (P <0.05) (Figure 3). Regarding the secondary
endpoints, most of the other indices of GV significantly

improved (Table 2, Supplementary Figures 1 and 2). The
indices of the daily fluctuation in blood glucose
concentration, the M value and MAG, significantly
decreased (P <0.01). The indices of the daily variation in
blood glucose concentration, MODD and ADRR, also
significantly decreased (P < 0.05). Furthermore, the other
CGM parameters, especially those that are indicative of the
risk associated with hyperglycemia, the J-index and HBGI,
also significantly improved (P <0.01). TAR significantly
decreased, whereas TIR did not change and TBR increased
after switching (P < 0.05).

3.3. Evaluation of Ambulatory Glucose Profile, according to
the Time of Day. We constructed ambulatory glucose pro-
files (AGPs) and analyzed the glucose fluctuations during
each period of the day (Figures 4 and 5). The AGPs include
the median glucose concentrations, shown as a line, and GV,
shown as bands, corresponding to the 25th-75th and 10th-
90th percentiles. The IDegLira treatment was associated
with an improvement in the median glucose concentration
and narrowing of the 25th-75th and 10th-90th percentiles,
especially during the postprandial period (Figure 4). Indeed,
the mean postprandial glucose concentration significantly
decreased after all the meals, as shown in Figure 5
(P<0.01) and Supplementary Figure 3. Furthermore, the
glucose concentrations prior to lunch and dinner also
significantly decreased (P <0.05), whereas the nocturnal
and morning glucose concentrations did not, which may
contribute to the avoidance of nocturnal hypoglycemia.
Although the analysis was limited to the preprandial and
after-supper data, we confirmed that the SMBG data
showed the same trends as the CGM data (Supplementary
Figure 4).

3.4. Adverse Events. There were no adverse events, including
gastrointestinal symptoms associated with the switch to IDe-
gLira. Symptomatic hypoglycemia was not observed in all
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TABLE 2: Parameters describing glucose variability in participants being treated with combination therapy or IDegLira.
[Deg+DPP-4i IDegLira P value
MAGE (mg/dL) 74.9 (60.3, 97.7) 64.8 (52.0, 78.2) <0.05"
M value (mg/dL) 1975.2 + 457.0 1748.9 + 364.8 <0.01
MAG (mg/dL) 26.1+8.1 22.1+6.7 <0.01
MODD (mg/dL) 19.9+7.0 15.0 + 4.4 <0.05
ADRR (mg/dL) 431.5+70.1 404.8 £61.2 <0.05
J-index 6776.9 (5553.8, 10510.1) 4984.3 (4412.7, 8123.0) <0.01"
CONGA (mg/dL) 108.7 £ 26.6 96.2+19.6 <0.01
HBGI 311.9+47.6 288.7+39.3 <0.01
24 h mean glucose (mg/dL) 122.3 +28.9 108.4 +21.5 <0.01
CV (%) 24.6+7.7 29.3+224 0.54
SD (mg/dL) 282 (18.8, 36.6) 21.9 (18.0, 23.7) <0.05"
TBR (%) 0.5 (0, 1.4) 2.6 (0, 5.5) <0.05"
TIR (%) 94.3 (69.0, 99.0) 94.5 (85.4, 97.4) 0.56"
TAR (%) 2.3 (0, 20.8) 0(0,5.2) <0.05"

Values are expressed as mean + SD or median (interquartile range). P value of IDeg+DPP-4i vs. IDegLira. "Wilcoxon signed-rank test was applied to the
factors: MAGE, J-index, SD, TBR, TIR, and TAR. MAGE: mean amplitude of glycemic excursions; MAG: mean absolute glucose; MODD: mean of daily
difference; ADRR: average daily risk range; CONGA: continuous overall net glycemic action; HGBI: high blood glucose index; CV: coefficient of variation;
SD: standard deviation; TBR: time below target glucose range; TIR: the target glucose range; TAR: time above target glucose range.

200 - P<0.05
[ 1
150
=
)
W
£ 100 1
25
Qo
3
50 - i I
IDeg + DPP4i IDegLira

FIGURE 3: Mean amplitude of glycemic excursions before and after
switching to insulin degludec/liraglutide. The figure was constructed
for all 12 participants, and the error bars represent the standard
deviation of measurements. All data was nonparametric and
analyzed by Wilcoxon’s signed-rank test. IDeg: insulin degludec;
DPP-4i: dipeptidyl peptidase-4 inhibitor; IDegLira: insulin
degludec/liraglutide. The error bars represent the standard deviation
of measurements.

patients. One participant experienced nocturnal asymptom-
atic severe hypoglycemia during the first evaluation period,
when under treatment with a DPP-4 inhibitor and insulin
degludec, but this did not recur after switching to IDegLira,
without a change in the insulin dose.

4. Discussion

In the present study, we evaluated the effects of IDegLira on
GV after switching from a combination of insulin degludec
and a DPP-4 inhibitor in hospitalized Japanese patients with
T2DM, using CGM. To the best our knowledge, this is the

first study to show that IDegLira has beneficial effects in
patients that were previously administering a combination
of low-dose basal insulin and DPP-4 inhibitors. Our study
presents two important findings. First, a small dose of a
GLP-1RA, in place of the usual dose of a DPP-4 inhibitor,
improved glycemic control, including GV and postprandial
hyperglycemia. Second, switching to IDegLira, while main-
taining the same basal insulin dose, was sufficient to obtain
a superior therapeutic effect without causing undesirable
side effects, such as nocturnal hypoglycemia or gastrointesti-
nal symptoms.

In previous phase III trials, IDegLira was more effective
on HbA1lc reduction than insulin degludec [8, 22]. However,
the doses of basal insulin and IDegLira at the end of study
were almost 30-40 units/day, being higher than the typical
basal insulin dose recorded in a previous study of a Japanese
database [23]. Patients on DPP-4 inhibitors were not
enrolled in those phase III trials, despite the high prescrip-
tion rate of these drugs in Japan [9], which hampers under-
standing of the efficacy of IDegLira in the real world. The
present study shows the efficacy of a low dose of IDegLira
in patients previously treated with a DPP-4 inhibitor.

Poor GV contributes to the development of diabetes-
related atherosclerotic complications, resulting in cardiovas-
cular diseases and dementia [1]. Although HbAlc has been
shown to be associated with diabetic complications, some
clinical trials have shown that intensive glycemic control
assessed using HbA1c does not always delay the onset of car-
diovascular disease in patients with T2DM [24]. The results
of recent clinical studies have suggested that GV is more
strongly associated with cardiovascular events than HbAlc
[25]. In the present study, several indices of GV were ana-
lyzed. Since they were immediately calculated by casual glu-
cose concentration, their changes would reflect real-time
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FIGURE 4: Ambulatory glucose profiles (AGPs). AGPs were constructed for all 12 participants. The black line represents the median glucose
concentration, and the bands, which comprised small dots and larger dots, represent the 25th-75th and 10th-90th percentiles, respectively.
The dotted line represents the target glucose range. (a) Combination therapy comprising a DPP-4 inhibitor and insulin degludec. (b)
IDegLira. IDeg: insulin degludec; DPP-4i: dipeptidyl peptidase-4 inhibitor; IDegLira: insulin degludec/liraglutide.
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FIGURE 5: Mean glucose concentrations during the phases of the day. The figure was constructed for all 12 participants, and the error bars
represent the standard deviation of measurements. All data was parametric and analyzed by Student’s t-test. The mean glucose
concentrations are shown for the preprandial periods, postprandial periods, and overnight. The preprandial phase was defined as 60
minutes before the delivery of a meal and the postprandial phase as 180 minutes from the start of the meal. The nocturnal phase was
defined as 03:00-06:00. Black diamond: insulin degludec plus a dipeptidyl peptidase-4 inhibitor; black circle, insulin degludec/liraglutide.
**P <0.01; *P < 0.05; NS: not significant.

efficacy of new therapeutic strategies. We showed IDegLira
improved a number of indices of GV including MAGE,
the main endpoint of this study, versus the tested combi-
nation therapy, which may help prevent the progression
of atherosclerosis.

The FreeStyle Libre Pro sensor, which was the CGM
device used in the present study, showed low mean glucose
concentrations and had low accuracy in the hypoglycemic
range and the measurable limit was 14 days [26]. In the pres-
ent study, TAR decreased but TBR increased, and only CV
did not change even though other various indices improved

dramatically. A treatment regimen including GLP-1RAs is
associated with a low risk of hypoglycemia [27], and the
measurement for a part of GV indices such as CV requires
relatively long period [28]. Therefore, the change in TBR
recorded may have been affected by the specific CGM device
used, and short-term observation in this study might affect
the result of CV. There is a concern that the accuracy of
the CGM device is variable, especially just after attachment.
To investigate this possibility, we assessed the glucose fluctu-
ations using SMBG four times a day and found similar
trends to those identified using CGM. However, it must be



Journal of Diabetes Research

borne in mind that hypoglycemic episodes can be observed
when a GLP-1RA is added to insulin or an insulin secreta-
gogue [29].

Figures 4 and 5 show the beneficial effects of IDegLira on
GV. IDeglLira reduced the mean glucose concentration and
had a marked effect to suppress postprandial hyperglycemia.
Insulin degludec, a basal insulin preparation, also reduces
mean glucose concentration and FPG [30], but effects on
the postprandial glucose concentration have a greater impact
on glycemic control when FPG is effectively controlled [31].
In a previous study, it was shown that postprandial hyper-
glycemia was strongly associated with the development of
cardiovascular diseases [32]. In the present study, the noc-
turnal glucose concentration was not affected by switching
therapy and FPG was well controlled, even during the preob-
servation period. Therefore, IDegLira may be more effective
at reducing postprandial hyperglycemia than conventional
treatments that include insulin degludec.

Liraglutide has been shown to reduce the incidence of
cardiovascular events, albeit at a high dose [33]. A previous
clinical trial showed that it controls glycemia even at a rela-
tively low dose [34], but the licensed dose is >0.3 mg/day and
its effectiveness at lower doses has not yet been fully
assessed. Of note, the median dose of liraglutide adminis-
tered as part of IDegLira was only 0.25 mg/day in the present
study, less than the conventional dose. Therefore, liraglutide
may be more effective than a regular dose of a DPP-4 inhib-
itor, even at a low dose. Both DPP-4 inhibitors and GLP-
1RAs are categorized as incretin-related drugs. DPP-4 inhib-
itors prevent the inactivation of native GLP-1, and although
they have the advantage of being administered orally, their
effects on HbAlc are generally lesser extent than those of
GLP-1RAs [35]. Some previous clinical trials have directly
compared GLP-1RAs to DPP-4 inhibitors, but the doses of
GLP-1RAs used were relatively high [10]. It is unclear how
the dose of a GLP-1RA compares to the dose of a DPP-4
inhibitor. Importantly, even in previous trials of IDegLira,
patients who were taking a DPP-4 inhibitor were not
enrolled [8]. Considering patients with T2DM tended to be
treated with DPP-4 inhibitors [9], our results may provide
useful treatment strategy in a real-world setting.

The present study had several limitations. First, it was a
single-arm observational study and the sample size was
small. We waited until the participants’ glucose concentra-
tions had stabilized before starting the observations (as
shown in the Supplementary Table) to minimize the limita-
tion of lack of a control group. A larger, two-arm study
would have been desirable. Second, the observation period
was a maximum of 2 weeks because of the period of opera-
tion of the CGM sensor; therefore, the durability of the
effects and the adverse events associated with longer-term
use should be studied in the future. Third, we could not fully
avoid carry-over effects after switching. We set a washout
period of at least 48 hours, enough for the DPP-4 inhibitors
to be metabolized and excreted, according to their half-lives.
Fourth, the participants were limited to hospitalized
patients, and the dietary therapy administered in the hospi-
tal may also have affected their glucose concentrations and
GV. Lastly, none of the participants were taking a sulfonyl-

urea at the start of the present study. Considering that a
combination of an incretin and a sulfonylurea is efficacious
at promoting insulin secretion, the present findings should
be confirmed in patients who are taking a sulfonylurea in a
future study.

5. Conclusions

IDegLira was associated with better glycemic control than
combination therapy comprising a DPP-4 inhibitor and
insulin degludec. IDegLira improved GV and had a thera-
peutic effect even at a low dose. We expect that IDegLira will
help to reduce cardiovascular events in the long term.

Data Availability

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.
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Supplementary Materials

Supplementary 1. Supplementary Table: confirmation of the
stability of participant glucose concentrations before the
study.

Supplementary 2. Supplementary Figure 1: individual changes
in variables related to the daily fluctuation in blood glucose
concentration. The figures were constructed for all 12 partici-
pants, and the error bars represent the standard deviation of
measurements. Student’s t-test was used to analyze data: (a)
M value and (b) mean absolute glucose. White circles: mean
+ SD. IDeg: insulin degludec; DPP-4i: dipeptidyl peptidase-4
inhibitor; IDegLira: insulin degludec/liraglutide.

Supplementary 3. Supplementary Figure 2: individual
changes in the daily difference variation in blood glucose
concentration. The figures were constructed for all 12 partic-
ipants, and the error bars represent the standard deviation of
measurements. Student’s -test was used to analyze data: (a)
mean of the daily difference and (b) average daily risk range.
White circles: mean + SD. IDeg: insulin degludec; DPP-4i:
dipeptidyl peptidase-4 inhibitor; IDegLira: insulin deglu-
dec/liraglutide.

Supplementary 4. Supplementary Figure 3: individual sets of
continuous glucose monitoring data before and after chang-
ing the treatment. The panels show the data for all 12 partic-
ipants. The black lines represent the median glucose
concentrations during the observation period before and
after switching the treatment. IDeg: insulin degludec; DPP-
4i: dipeptidyl peptidase-4 inhibitor; IDegLira: insulin deglu-
dec/liraglutide.

Supplementary 5. Supplementary Figure 4: self-measured
glucose concentrations during each phase of the day. Mean
self-measured glucose concentrations during each phase of
the day. The data are for all 12 participants, and the error
bars represent the standard deviation of the measurements.
All the datasets were normally distributed and analyzed
using Student’s f-test. The mean preprandial and after-
supper glucose concentrations are shown. Black diamond:
insulin degludec plus a dipeptidyl peptidase-4 inhibitor;
black circle: insulin degludec/liraglutide. *P < 0.05; NS: not
significant.

References

[1] D. E. Bonds, M. E. Miller, R. M. Bergenstal et al., “The associ-
ation between symptomatic, severe hypoglycaemia and mor-
tality in type 2 diabetes: retrospective epidemiological
analysis of the ACCORD study,” BMJ, vol. 340, no. jan08 1,
article b4909, 2010.

[2] B. Sun, Z. Luo, and J. Zhou, “Comprehensive elaboration of
glycemic variability in diabetic macrovascular and microvas-
cular complications,” Cardiovascular Diabetology, vol. 20,
no. 1, p. 9, 2021.

[3] T. A. Peyser, A. K. Balo, B. A. Buckingham, I. B. Hirsch, and
A. Garcia, “Glycemic variability percentage: a novel method
for assessing glycemic variability from continuous glucose
monitor data,” Diabetes Technology ¢ Therapeutics, vol. 20,
no. 1, pp. 6-16, 2018.

Journal of Diabetes Research

[4] H. Nomoto, H. Miyoshi, H. Sugawara et al., “A randomized
controlled trial comparing the effects of dapagliflozin and
DPP-4 inhibitors on glucose variability and metabolic param-
eters in patients with type 2 diabetes mellitus on insulin,” Dia-
betology and Metabolic Syndrome, vol. 9, no. 1, p. 54, 2017.

[5] A. Miya, A. Nakamura, K. Y. Cho et al.,, “Impact of endoge-
nous insulin secretion on the improvement of glucose variabil-
ity in Japanese patients with type 2 diabetes treated with
canagliflozin plus teneligliptin,” Journal of Diabetes Investiga-
tion., vol. 12, no. 8, pp. 1395-1399, 2021.

[6] Pharmacologic Approaches to Glycemic Treatment, “9. Phar-
macologic approaches to glycemic treatment:standards of
medical care in diabetes-2021,” Diabetes Care, vol. 44, Supple-
ment 1, pp. S111-5124, 2021.

[7] R. Gentilella, V. Pechtner, A. Corcos, and A. Consoli, “Gluca-
gon-like peptide-1 receptor agonists in type 2 diabetes treat-
ment: are they all the same?,” Diabetes/Metabolism Research
and Reviews, vol. 35, no. 1, article e3070, 2019.

[8] H. Watada, S. Kaneko, M. Komatsu et al., “Superior HbAlc
control with the fixed-ratio combination of insulin degludec
and liraglutide (IDegLira) compared with a maximum dose
of 50 units of insulin degludec in Japanese individuals with
type 2 diabetes in a phase 3, double-blind, randomized trial,”
Diabetes, Obesity & Metabolism, vol. 21, no. 12, pp. 2694-
2703, 2019.

[9] R.Nishimura, H. Kato, K. Kisanuki et al., “Treatment patterns,
persistence and adherence rates in patients with type 2 diabe-
tes mellitus in Japan: a claims-based cohort study,” BMJ Open,
vol. 9, no. 3, article €025806, 2019.

[10] D. Ayers, S. Kanters, R. Goldgrub, M. Hughes, R. Kato, and
N. Kragh, “Network meta-analysis of liraglutide versus dipep-
tidyl peptidase-4 inhibitors for the treatment of type 2 diabetes
in Japanese patients,” Current Medical Research and Opinion,
vol. 33, no. 9, pp. 16531661, 2017.

[11] V.Moscardd, M. Giménez, N. Oliver, and N. R. Hill, “Updated
software for automated assessment of glucose variability and
quality of glycemic control in diabetes,” Diabetes Technology
& Therapeutics, vol. 22, no. 10, pp. 701-708, 2020.

[12] Service FJ, G. D. Molnar, J. W. Rosevear, E. Ackerman, L. C.
Gatewood, and W. F. Taylor, “Mean amplitude of glycemic
excursions, a measure of diabetic instability,” Diabetes,
vol. 19, no. 9, pp. 644-655, 1970.

[13] A.M. Gémez, D. C. Henao, A. Imitola Madero et al.,, “Defining
high glycemic variability in type 1 diabetes: comparison of
multiple indexes to identify patients at risk of hypoglycemia,”
Diabetes Technology & Therapeutics, vol. 21, no. 8, pp. 430-
439, 2019.

[14] J. Schlichtkrull, O. Munck, and M. Jersild, “The M-value, an
index of blood-sugar control in diabetics,” Acta Medica Scan-
dinavica, vol. 177, no. 1, pp. 95-102, 1965.

[15] J. Hermanides, T. M. Vriesendorp, R. J. Bosman, D. F. Zand-
stra, J. B. Hoekstra, and J. H. Devries, “Glucose variability is
associated with intensive care unit mortality,” Critical Care
Medicine, vol. 38, no. 3, pp. 838-842, 2010.

[16] C. M. McDonnell, S. M. Donath, S. I. Vidmar, G. A. Werther,
and F. J. Cameron, “A novel approach to continuous glucose
analysis utilizing glycemic variation,” Diabetes Technology ¢
Therapeutics, vol. 7, no. 2, pp. 253-263, 2005.

[17] J. M. Wojcicki, ““J’-index. A new proposition of the assess-

ment of current glucose control in diabetic patients,” Hormone
and Metabolic Research, vol. 27, no. 1, pp. 41-42, 1995.


https://downloads.hindawi.com/journals/jdr/2022/5603864.f1.docx
https://downloads.hindawi.com/journals/jdr/2022/5603864.f2.pptx
https://downloads.hindawi.com/journals/jdr/2022/5603864.f3.pptx
https://downloads.hindawi.com/journals/jdr/2022/5603864.f4.pptx
https://downloads.hindawi.com/journals/jdr/2022/5603864.f5.pptx

Journal of Diabetes Research

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

(30]

B. P. Kovatchev, D. J. Cox, A. Kumar, L. Gonder-Frederick,
and W. L. Clarke, “Algorithmic evaluation of metabolic con-
trol and risk of severe hypoglycemia in type 1 and type 2 dia-
betes using self-monitoring blood glucose data,” Diabetes
Technology & Therapeutics, vol. 5, no. 5, pp. 817-828, 2003.

G. D. Molnar, W. F. Taylor, and M. M. Ho, “Day-to-day vari-
ation of continuously monitored glycaemia: a further measure
of diabetic instability,” Diabetologia, vol. 8, no. 5, pp. 342-348,
1972.

B. P. Kovatchev, E. Otto, D. Cox, L. Gonder-Frederick, and
W. Clarke, “Evaluation of a new measure of blood glucose var-
iability in diabetes,” Diabetes Care, vol. 29, no. 11, pp. 2433-
2438, 2006.

“Glucose concentrations of less than 3.0 mmol/L (54 mg/dL)
should be reported in clinical trials: a joint position statement
of the American Diabetes Association and the European Asso-
ciation for the Study of Diabetes,” Diabetes Care, vol. 40, no. 1,
pp. 155-157, 2017.

M. Komatsu, H. Watada, S. Kaneko, B. F. Ross Agner,
T. Nishida, and K. Kaku, “Efficacy and safety of the fixed-
ratio combination of insulin degludec and liraglutide by base-
line glycated hemoglobin, body mass index and age in Japa-
nese individuals with type 2 diabetes: a subgroup analysis of
two phase III trials,” The Journal of Diabetes Investigation,
vol. 12, no. 9, pp. 1610-1618, 2021.

J. Satoh, M. Andersen, B. Bekker Hansen et al., “Clinical inertia
in basal insulin-treated patients with type 2 diabetes - results
from a retrospective database study in Japan (JDDM 43),”
PLoS One, vol. 13, no. 9, article e0198160, 2018.

W. Duckworth, C. Abraira, T. Moritz et al., “Glucose control
and vascular complications in veterans with type 2 diabetes,”
The New England Journal of Medicine, vol. 360, no. 2,
pp. 129-139, 2009.

E. Gerbaud, R. Darier, M. Montaudon et al., “Glycemic vari-
ability is a powerful independent predictive factor of midterm
major adverse cardiac events in patients with diabetes with
acute coronary syndrome,” Diabetes Care, vol. 42, no. 4,
pp. 674-681, 2019.

R.J. Galindo, A. L. Migdal, G. M. Davis et al., “Comparison of
the FreeStyle Libre Pro Flash continuous glucose monitoring
(CGM) system and point-of-care capillary glucose testing in
hospitalized patients with type 2 diabetes treated with basal-
bolus insulin regimen,” Diabetes Care, vol. 43, no. 11,
Pp. 2730-2735, 2020.

B. Ahrén, “Glucagon-like peptide-1 receptor agonists for type
2 diabetes: a rational drug development,” The Journal of Diabe-
tes Investigation, vol. 10, no. 2, pp. 196-201, 2019.

L. Leelarathna, H. Thabit, M. E. Willinska et al., “Duration of
hybrid closed-loop insulin therapy to achieve representative
glycemic outcomes in adults with type 1 diabetes,” Diabetes
Care, vol. 43, no. 3, pp. e38-e39, 2020.

K. A. Lyseng-Williamson, “Glucagon-like peptide-1 receptor
analogues in type 2 diabetes: their use and differential fea-
tures,” Clinical Drug Investigation, vol. 39, no. 8, pp. 805-
819, 2019.

D. Russell-Jones, M. A. Gall, M. Niemeyer, M. Diamant, and
S. Del Prato, “Insulin degludec results in lower rates of noctur-
nal hypoglycaemia and fasting plasma glucose vs. insulin glar-
gine: a meta-analysis of seven clinical trials,” Nutrition,
Metabolism, and Cardiovascular Diseases, vol. 25, no. 10,
pp. 898-905, 2015.

(31]

(32]

(33]

(34]

(35]

H.J. Woerle, C. Neumann, S. Zschau et al., “Impact of fasting
and postprandial glycemia on overall glycemic control in type
2 diabetes: importance of postprandial glycemia to achieve tar-
get HbAlc levels,” Diabetes Research and Clinical Practice,
vol. 77, no. 2, pp. 280-285, 2007.

E. B. Levitan, Y. Song, E. S. Ford, and S. Liu, “Is nondiabetic
hyperglycemia a risk factor for cardiovascular disease?,”
Archives of Internal Medicine, vol. 164, no. 19, pp. 2147-
2155, 2004.

S. P. Marso, G. H. Daniels, K. Brown-Frandsen et al., “Liraglu-
tide and cardiovascular outcomes in type 2 diabetes,” The New
England Journal of Medicine, vol. 375, no. 4, pp. 311-322,
2016.

Y. Seino, M. F. Rasmussen, M. Zdravkovic, and K. Kaku,
“Dose-dependent improvement in glycemia with once-daily
liraglutide without hypoglycemia or weight gain: a double-
blind, randomized, controlled trial in Japanese patients with
type 2 diabetes,” Diabetes Research and Clinical Practice,
vol. 81, no. 2, pp. 161-168, 2008.

R. E. Pratley, M. Nauck, T. Bailey et al., “Liraglutide versus sita-
gliptin for patients with type 2 diabetes who did not have ade-
quate glycaemic control with metformin: a 26-week,
randomised, parallel-group, open-label trial,” Lancet,
vol. 375, no. 9724, pp. 1447-1456, 2010.



	Switching from Insulin Degludec plus Dipeptidyl Peptidase-4 Inhibitor to Insulin Degludec/Liraglutide Improves Glycemic Variability in Patients with Type 2 Diabetes: A Preliminary Prospective Observation Study
	1. Introduction
	2. Materials and Methods
	2.1. Study Design and Participants
	2.2. Biochemical Analyses and Data Collection
	2.3. Continuous Glucose Monitoring
	2.4. Data Analysis

	3. Results
	3.1. Characteristics of the Participants
	3.2. Comparison of Glucose Variability during Combination Therapy and IDegLira
	3.3. Evaluation of Ambulatory Glucose Profile, according to the Time of Day
	3.4. Adverse Events

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments
	Supplementary Materials

