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Abstract

Background: The aim of the study was to provide real-world data on 
the effectiveness and safety of a new fixed-ratio combination, insulin 
degludec/liraglutide (IDegLira) injection in Japanese patients with 
type 2 diabetes mellitus (T2DM).

Methods: The primary endpoint was the change in glycated hemo-
globin (HbA1c) level 6 months after the introduction of IDegLira. 
We also examined the rate of achievement of target HbA1c 7% and 
the individualized HbA1c targets set for each patient. Baseline char-
acteristics associated with the change in HbA1c were also assessed. 
Seventy-five patients with T2DM were included in the analysis.

Results: After the initiation of IDegLira, HbA1c decreased signifi-
cantly from baseline with a change of -1.81% (baseline 9.61% and at 
6 months 7.80%; P < 0.001). At baseline, the achievement rate of 7% 
HbA1c was 2.67% (n = 2), which increased to 36.0% (n = 27) after 
6 months of IDegLira introduction (P < 0.05). The attainment rate 
of individualized HbA1c targets, which were set considering each 
patient’s characteristics, improved from 2.67% (n = 2) to 49.3% (n 
= 37) (P < 0.001). Regardless of sex, body mass index, estimated 
glomerular filtration rate, duration of diabetes, or history of glucagon-
like peptide-1 receptor agonist use, IDegLira significantly reduced 
HbA1c, but a higher C-peptide index was associated with a greater 
reduction in HbA1c.

Conclusion: In this study, initiation of IDegLira in a real-world clini-
cal setting was beneficial in lowering HbA1c in Japanese T2DM pa-
tients with inadequate glycemic control with existing therapy.

Keywords: Insulin degludec/liraglutide; Type 2 diabetes mellitus; C-
peptide; Diabetes therapy; Pancreatic β-cell function

Introduction

A cross-sectional nationwide survey conducted in Japan (Japan 
Diabetes Clinical Data Management study; JDDM [1]) revealed 
that the target glycated hemoglobin (HbA1c) level is achieved in 
only half of all cases despite the availability of various diabetes 
medications [2]. Insulin and glucagon-like peptide-1 receptor 
agonist (GLP-1RA) are promising treatment intensification op-
tions for patients with type 2 diabetes mellitus (T2DM) who fail 
to achieve target HbA1c level with oral antidiabetic drugs alone 
[3, 4]. Over the past 20 years, the use of long-acting analog 
insulin and GLP-1RA has increased in Japanese patients with 
T2DM [5]. However, increasing the basal insulin level alone is 
not enough to improve postprandial blood glucose, and it also 
increases the risk of weight gain and hypoglycemia [6]. It is also 
important to consider that in real-world practice, complex in-
sulin regimens, hypoglycemia, and weight gain are barriers to 
achieving HbA1c targets [7, 8]. On the other hand, use of GLP-
1RA requires, among other things, that fasting blood glucose not 
be lowered sufficiently and that there be residual endogenous 
insulin secretion for the drug to be effective [9, 10]. Gastroin-
testinal (GI) events caused due to high doses of GLP-1RA are 
also a barrier to dose escalation [9]. These are the unmet needs 
for insulin injections and GLP-1RA. Combination formulations 
of GLP-1RA and basal insulin are now available in clinical 
practice. In September 2019, a new injectable fixed-ratio com-
bination of insulin degludec and liraglutide (a daily injectable 
GLP-1RA), i.e., insulin degludec/liraglutide (IDegLira), was 
launched in Japan. In a global clinical trial involving Japanese 
patients (the DUAL Program), IDegLira showed superior hypo-
glycemic effects compared to basal insulin or GLP-1RA mono-
therapy [11-14]. The pathophysiology of T2DM in East Asians, 
including the Japanese, is known to be characterized by very 
low insulin secretion and the insulin resistance is mild com-
pared to T2DM in other countries [15, 16]. Therefore, the evi-
dence from studies conducted overseas, especially in Caucasian 
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populations, may not be entirely applicable to Japanese patients. 
Moreover, Japanese population with T2DM is getting older 
[17], and individuals aged over 65 years are known to be at a 
higher risk of hypoglycemia [18]. The contemporary guidelines 
recommend individualization of target HbA1c level for elderly 
patients and the use of simpler and safer methods for reinforce-
ment of treatment in case of inadequate glycemic control [19]. 
Therefore, there is a need to verify the effectiveness and safety 
of IDegLira in Japanese T2DM patients, but there is a paucity of 
real-world data (RWD) in this regard. The purpose of this study 
was to provide RWD on the efficacy and safety of a new com-
bination injectable formulation, IDegLira, in Japanese patients 
with T2DM after 6 months of introduction.

Materials and Methods

Study design and participants

This was a single-center retrospective study. Patients with 
T2DM who were treated with IDegLira at the Jichi Medi-
cal University Saitama Medical Center between June 2021 
and December 2022 were enrolled. We evaluated the clinical 
parameters 6 months after the initiation of IDegLira. The in-
clusion criteria for this study were: 1) Japanese patients with 
T2DM; 2) patients with an HbA1c level of 6.0% or higher; 
and 3) patients who were introduced to IDegLira in an out-
patient setting. Exclusion criteria were: 1) acute metabolic 
complications (diabetic ketoacidosis and hyperglycemic hy-
perosmolar state); 2) patients undergoing treatment for infec-
tious diseases; 3) initiation or reduction of steroids; 4) cancer 
detection or surgery during follow-up; 5) prescription started 
during hospitalization; 6) hospitalization for other acute dis-
eases such as myocardial infarction within 6 months; and 7) 
drug change or addition during the observation period. In all 
cases, we confirmed that IDegLira was appropriately intro-
duced according to the package insert.

Clinical parameters

Data pertaining to the following baseline demographic and 
clinical data were obtained from the medical records: age, sex, 
body mass index (BMI), estimated glomerular filtration rate 
(eGFR), duration of diabetes, presence of macroangiopathy 
and cardiovascular disease, concomitant medications, adverse 
events, and IDegLira dose at 6 months. In addition, we collect-
ed fasting serum C-peptide level measured within 6 months 
of IDegLira introduction. C-peptide index (CPI), as an indi-
cator of pancreatic beta-cell function, was calculated as 100 
× fasting C-peptide immunoreactivity (CPR) (ng/mL)/fasting 
plasma glucose (mg/dL) [20]. CPR was measured using an en-
zyme immunoassay kit (TOSO, Tokyo, Japan).

Study endpoints and exploratory endpoints

The primary outcome was the change in HbA1c (%) at 6 

months after the introduction of IDegLira. The secondary out-
come was the percentage of patients achieving an HbA1c of 
< 7%; for patients aged > 65 years, the percentage of patients 
achieving the HbA1c target set individually according to the 
Japanese Clinical Practice Guidelines for Diabetes 2019 and 
the Japan Diabetes Society (JDS)/Japan Geriatrics Society 
(JGS) Joint Committee’s “Glycemic control goals in elderly 
patients with diabetes” [19, 21]. Insulin, sulfonylurea (SU) 
drugs, and glinide were identified as drugs associated with a 
risk of hypoglycemia [21]. In this study, HbA1c targets for each 
age group were set based on the aforementioned guideline [19, 
21]; targets for patients aged < 65, ≥ 65 to < 75, and ≥ 75 years 
were set at < 7.0%, < 7.5%, and 8.0%, respectively. Baseline 
background factors affecting the change in HbA1c were iden-
tified as exploratory outcomes. We also examined the change 
in HbA1c after the initiation of IDegLira by the use of pre-
treatment injection-device users or not. Subsequently, safety 
information was also evaluated. The incidences of hypogly-
cemia and GI events were assessed using the medical records 
filed during the observation period (6 months). Hypoglycemia 
was defined using self-reported hypoglycemic symptoms and 
self-measured blood and plasma glucose levels reported at the 
time of the outpatient visit. The GI events were defined using 
self-reported GI symptoms (exploratory outcome).

Ethics statement

This study was conducted in accordance with the Declaration 
of Helsinki of 1964, as revised in 2013. The study was ap-
proved by the Ethics Committee of Jichi Medical University 
Saitama Medical Center (No. S19-005). This study used noni-
dentifiable data obtained by the treating physicians. Therefore, 
based on the decision from our local Ethics Committee of Jichi 
Medical University Saitama Medical Center (No. S19-005), 
informed consent was not required. Patients had the opportu-
nity to object the usage of their data for retrospective scientific 
research; however, no patient objected the same. Patient con-
sent was waived due to retrospective collection and analysis of 
deidentified demographic and medical data.

Statistical analysis

Continuous variables were expressed as mean ± standard de-
viation (SD) (Table 1) or 95% confidence intervals (CIs) (all 
figures and supplementary materials) and categorical variables 
were expressed as frequency (percentage). The Wilcoxon 
signed-rank sum test was used to compare the parameters be-
fore and after initiating IDegLira. Between-group differences 
in clinical parameters at a single time-point were compared 
using the Mann-Whitney U-test. Categorical variables were 
compared by performing McNemar’s test. The Spearman’s 
rank correlation coefficient was used for correlation analysis. 
Receiver-operating characteristic (ROC) curve analysis was 
performed to assess the predictive ability of CPI and CPR for 
the effectiveness of IDegLira. All statistical analyses were per-
formed using EZR (Jichi Medical University, Saitama Medical 
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Center) [22], a graphical user interface for R (The R Foun-
dation for Statistical Computing), and a modified version of 
R commander designed to add statistical functions frequently 
used in biostatistics. P values < 0.05 were considered indica-
tive of statistical significance. Sample size calculations were 

based on previous clinical studies [23, 24] and assumed a 
mean (standard deviation) HbA1c reduction of 0.6% (1.5%) 
6 months after introduction of IDegLira. At α = 0.05 and 80% 
power, the total number of patients enrolled in the study was 
estimated to be at least 52. Assuming that 15-20% meet the 
exclusion criteria, it was estimated that 65 or more patients 
would need to be enrolled to achieve a final sample size of 52.

Results

Primary and secondary outcomes

The clinical characteristics of the study population are sum-
marized in Table 1. Out of 78 patients, three patients were ex-
cluded (two was hospitalized for treatment of acute infection, 
and one was hospitalized for surgery for lung cancer). The 
final analysis included 75 subjects, with a mean (SD) age of 
65.7 (13.5) years, mean disease duration of 16.3 (10.3) years, 
and mean CPI of 1.47 (0.95) ng/mL per mg/dL. At 6 months 
after the initiation of IDegLira, HbA1c showed a significant 
decrease from baseline with a change of -1.81% (baseline 
HbA1c 9.61% versus at 6 months 7.80%; P < 0.001) (prima-
ry outcome, Fig. 1a, b). The dose of IDegLira was 12.5 units 
(12.5 units insulin degludec/0.45 mg liraglutide) at introduc-
tion and had increased significantly to 17.5 units (17.5 units 
insulin degludec/0.63 mg liraglutide) at 6 months (P < 0.01 vs. 
baseline initial dose) (Fig. 1c). The achievement rate of 7% 
HbA1c at 6 months after IDegLira introduction (36.0% (n = 
27)) was significantly greater than that at baseline (2.67% (n 
= 2); P < 0.05) (Fig. 1d). Next, we examined the rate of tar-
get HbA1c attainment considering the patient’s background. 
The percentage of patients aged < 65 years (n = 29) achieving 
target HbA1c (< 7.0%) increased from 0% (n = 0) at baseline 
to 48.3% (n = 14) at 6 months. Likewise, the percentage of pa-
tients aged ≥ 65 to < 75 years (n = 22) achieving target HbA1c 
(< 7.5%) increased from 9.1% (n = 2) at baseline to 54.5% (n = 
12). Furthermore, the percentage of patients aged ≥ 75 years (n 
= 24) achieving target HbA1c (< 8.0%) increased from 0% (n 
= 0) at baseline to 45.8% (n = 11). Overall, the target HbA1c 
attainment rate at 6 months after IDegLira introduction (49.3% 
(n = 37)) was significantly greater than that at baseline (2.67% 
(n = 2), P < 0.01) (Fig. 1e). On subgroup analysis (stratified by 
age under 65 or over and under 75 or over), both subgroups 
showed a significant reduction in HbA1c from baseline HbA1c 
after 6 months of IDegLira initiation (Fig. 1f, g) (secondary 
outcome).

Exploratory outcomes

ROC curve analysis was performed to examine the ability of 
CPR and CPI to predict pancreatic β-cell function for achiev-
ing HbA1c set individually for each patient. The area under 
the curve for CPI (optimal cut-off value: 0.953) was larger 
than that for CPR (Fig. 2a). Therefore, we divided the patients 
into two groups: high CPI (CPI ≥ 0.953) and low CPI (CPI < 
0.953) groups. Reductions in HbA1c from baseline in the low 

Table 1.  Baseline Clinical Characteristics of the Study Popula-
tion

Clinical parameters Overall (n = 75)
Sex, men, n (%) 41 (54.7)
Age (years) 65.7 (13.5)
Body mass index (kg/m2) 28.0 (4.74)
Body weight (kg) 72.8 (13.9)
Duration of diabetes (years) 16.3 (10.3)
Smoking, n (%) 9 (12.0)
HbA1c (%) 9.61 (2.1)
eGFR (mL/min/1.73 m2) 62.0 (30.4)
Fasting plasma glucose (mg/dL) 171.6 (74.4)
Fasting CPR (ng/mL) 2.43 (1.55)
CPI (ng/mL per mg/dL) 1.47 (0.95)
Complications
  Dyslipidemia, yes, n (%) 23 (30.7)
  Hypertension, yes, n (%) 34 (45.3)
  Ischemic heart disease, yes, n (%) 9 (12.0)
  Diabetic Retinopathy, yes, n (%) 16 (21.3)
  Diabetic nephropathy, yes, n (%) 43 (57.3)
Medications
  Sulfonylurea, n (%) 2 (2.7)
  Biguanide, n (%) 27 (36.0)
  Glinide, n (%) 15 (20.0)
  α-Glucosidase inhibitor, n (%) 8 (10.7)
  Thiazolidinedione, n (%) 2 (2.7)
  SGLT2 inhibitor, n (%) 33 (44)
  DPP-4 inhibitor, n (%) 25 (33.3)
  OAD only, n (%) 9 (12.0)
  Insulin therapy, n (%) 57 (76.0)
  IDegAsp, n (%) 2 (2.7)
  GLP-1 receptor agonist, n (%) 36 (48.0)
  Liraglutide, n (%) 9 (12.0)
  Duraglutide, n (%) 21 (28.0)
  Lixisenatide, n (%) 6 (8.0)

Data presented as frequency (%) for categorical variables and as mean 
(± standard deviation) for continuous variables. HbA1c: glycated hemo-
globin; eGFR: estimated glomerular filtration rate; CPR: C-peptide im-
munoreactivity; CPI: C-peptide index; eGFR: estimated glomerular fil-
tration rate; SGLT2: sodium-glucose cotransporter 2; DPP-4: dipeptidyl 
peptidase 4; OAD: oral antidiabetic drug, IDegAsp: insulin degludec/
aspart; iGlarLixi: insulin glargine/lixisenatide; GLP-1RA: glucagon-like 
peptide-1 receptor agonist.
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Figure 1. Change in HbA1c (a, b) and IDegLira dose (c) at 6 months after the initiation of IDegLira. Change in the proportion of 
patients achieving HbA1c < 7% (d) and the target HbA1c set according to the individual patient’s background (e) at 6 months 
after the initiation of IDegLira. Change in HbA1c from baseline by subgroups separated by age under 65 or over (f) and under 75 
or over (g) years. Data are presented as mean with 95% CIs. *P < 0.01 by Wilcoxon signed-rank sum test (vs. BL HbA1c or dose 
of IDegLira in a, c, f and g). *P < 0.01 by McNemar’s test (in d and e) (vs. BL). HbA1c: glycated hemoglobin; IDegLira: insulin 
degludec/liraglutide; CIs: confidence intervals; BL: baseline.

Figure 2. Pancreatic β-cell function for achieving HbA1c target set individually for each patient (a). Optimal CPI cut-off point: 
0.953 ng/mL per mg/dL, area under the receiver-operating characteristic curve: 0.739, 95% CI: 0.627 - 0.851, specificity: 47.4%, 
sensitivity: 91.9%. Optimal CPR cut-off point: 2.04 ng/mL, AUC: 0.649, 95% CI: 0.524 - 0.774, specificity: 60.5%, sensitivity: 
67.6%. Change in HbA1c at 6 months after initiation of IDegLira in high CPI group (CPI ≥ 0.953) and low CPI group (CPI < 0.953) 
based on the optimal cut-off value (b). Data are shown as mean with 95% CIs. *P < 0.01 by Wilcoxon signed-rank sum test (vs. 
BL HbA1c). †P < 0.01 for comparison of change in HbA1c between high CPI group vs. low CPI group by Mann-Whitney U-test. 
ROC: receiver-operating characteristic; CPR: C-peptide immunoreactivity; CPI: C-peptide index; HbA1c: glycated hemoglobin; 
AUC: area under the curve; CI: confidence interval; IDegLira: insulin degludec/liraglutide; CIs: confidence intervals; BL: baseline.
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and high CPI groups were -0.34% and -2.38%, respectively, 
and the change in the high CPI group was statistically signifi-
cant (P < 0.01). There was also a significant difference in the 
change in HbA1c between the low and high CPI groups (P < 
0.01) (Fig. 2b) (exploratory outcome). There was no difference 
in the baseline HbA1c between these two groups (P = 0.07). 
On correlation analysis, change in HbA1c showed a correla-
tion with baseline HbA1c and residual pancreatic β-cell func-
tion (CPR, CPI) (Table 2).

Regardless of sex, BMI, eGFR, duration of diabetes, or 
prior use of GLP-1RA, IDegLira significantly reduced HbA1c 
at 6 months after initiation (Fig. 3) (exploratory outcome). 
HbA1c significantly decreased from baseline in both insulin 
and non-insulin user groups. In addition, HbA1c significantly 
decreased from baseline in basal supported oral therapy (BOT) 
group and basal-bolus therapy (BBT) group. The results were 
similar for non-injection device users and injection-device us-
ers (Fig. 4). After the initiation of IDegLira, bolus insulin dose 
at 6 months remained unchanged (from 21.5 ± 4.2 to 19.2 ± 
5.0, P = 0.14) (exploratory outcome).

Table 2.  Correlation Between Change in HbA1c (%) and Base-
line Clinical Parameters

Parameters r P-value
Age (years) -0.066 0.575
Body mass index (kg/m2) -0.024 0.837
Duration of diabetes (years) 0.187 0.109
Baseline HbA1c (%) -0.725 < 0.001
eGFR (mL/min/1.73 m2) -0.013 0.912
Fasting plasma glucose (mg/dL) -0.221 0.057
Fasting CPR (ng/mL) -0.582 < 0.001
CPI (ng/mL per mg/dL) -0.468 < 0.001
IDegLira at 6 months (dose) 0.110 0.345
IDegLira at 6 months (dose/kg) 0.107 0.359

HbA1c: glycated hemoglobin; eGFR: estimated glomerular filtration 
rate; CPR: C-peptide immunoreactivity; CPI: C-peptide index; IDegLira: 
insulin degludec/liraglutide.

Figure 3. Change in HbA1c by subgroup: sex, BMI, eGFR, diabetes duration, and prior GLP-1RA use after initiation of IDegLira. 
*P < 0.01 by Wilcoxon signed-rank sum test (vs. BL HbA1c). Data are shown as mean with 95% CIs. HbA1c: glycated hemo-
globin; BMI: body mass index; eGFR: estimated glomerular filtration rate; GLP-1RA: glucagon-like peptide-1 receptor agonist; 
IDegLira: insulin degludec/liraglutide; CIs: confidence intervals; BL: baseline.

Figure 4. Change in HbA1c from baseline in the insulin non-user (n = 18) and user (n = 57) group (BOT; n = 30, BBT; n = 27) after 
the initiation of IDegLira (a). Change in HbA1c from baseline in only with OAD group and injection-device user group (insulin and 
GLP-1RA users) after the initiation of IDegLira (b). Data are presented as mean with 95% CIs. *P < 0.01 by Wilcoxon signed-rank 
sum test (vs. BL HbA1c). HbA1c: glycated hemoglobin; BOT: basal supported oral therapy; BBT: basal-bolus therapy; GLP-1RA: 
glucagon-like peptide-1 receptor agonist; OAD: oral antidiabetic drug; IDegLira: insulin degludec/liraglutide; CIs: confidence 
intervals; BL: baseline.
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Safety

Hypoglycemia developed in three patients (4.0%) in this study, 
but no GI events were reported. These three patients were on 
insulin treatment. No hypoglycemia was observed in patients 
newly introduced to IDegLira who used GLP-1RA or oral anti-
diabetic drug (OAD). No GI events were reported (exploratory 
outcome).

Discussion

In this study, initiation of IDegLira was found to be useful in 
lowering HbA1c in patients with inadequate glycemic con-
trol with existing therapy. IDegLira also improved the rate of 
achievement of individualized HbA1c targets set in the real-
world clinical setting.

DUAL I Japan was conducted in Japanese patients with 
T2DM who had inadequate glycemic control with oral antidia-
betic drugs and IDegLira reduced the HbA1c by 2.38% from 
baseline (8.52%) [12]. In our cohort, the reduction was 1.81% 
(Fig. 1). One reason for this difference may be that DUAL I 
Japan study was conducted in injection-naive patients [12], 
whereas 76% patients in our study were insulin users and 48% 
were GLP-1RA users, most of whom were receiving injectable 
drugs and were poorly controlled.

Moreover, in DUAL I Japan, the study started with 10 
doses of IDegLira, and the final dose was 27.75 doses after 
52 weeks [12], whereas in our study, the dose was 17.5 doses 
(Fig. 1c) at the end of the observation (after 6 months), about 
10 doses less. This may be due to the fact that each physician 
adjusted the IDegLira dose according to the patient’s condi-
tion, and that the observation period was 6 months, unlike 
DUAL I Japan [12], which was conducted for 52 weeks in a 
treat-to-target study, and some patients did not receive an ad-
equate IDegLira dose increase. Age subgroup analysis of the 
DUAL I Japan/DUAL II Japan study showed greater HbA1c 
reductions with IDegLira compared to comparator drugs in 
subgroups aged < 65 years and ≥ 65 years [13]. Similarly, in 
our study, HbA1c-lowering effect was observed regardless of 
age group. Furthermore, subgroup analyses by sex, renal func-
tion, and BMI also suggested that IDegLira improved HbA1c 
regardless of baseline differences. The results suggest that 
IDegLira may be useful in patients with a wide range of back-
ground characteristics.

The average age of the subjects in this study was 65.7 
years, and many of them were insulin users, a population that 
requires treatment with consideration for hypoglycemia. The 
life expectancy of the Japanese patients with T2DM is gradu-
ally lengthening [17, 25], and these patients require safe and 
simple intensified therapy to reduce the risk of hypoglycemia 
[19]. IDegLira is a single injection of basal insulin and lira-
glutide and may be well tolerated by the elderly [26]. Hypo-
glycemia was identified in three patients in this study, but no 
GI events were reported. The low incidence of GI symptoms 
events was likely attributable to the fact that 48% of the pa-
tients were already on GLP-1RA, a population with relatively 
high tolerability to GLP-1RA, and IDegLira doses were intro-

duced starting at less than 10 doses for some patients. Post-hoc 
analysis of the DUAL I Japan/DUAL II Japan showed a higher 
rate (%) of treatment-induced hypoglycemia in patients aged ≥ 
65 years than in those aged < 65 years, but the rate of hypogly-
cemia was consistently lower in the IDegLira group than in the 
insulin degludec (IDeg) group [13]. In our study, IDegLira sig-
nificantly reduced HbA1c from baseline even in patients older 
than 75 years, and hypoglycemia occurred only in one patient 
on BBT (the other two patients: < 75 years). We observed an 
improvement in HbA1c with the initiation of IDegLira in pa-
tients on insulin therapy, irrespective of whether their previ-
ous therapy was BBT or BOT. Furthermore, improvement in 
HbA1c was observed after initiating IDegLira, regardless of 
whether the patient was a non-injection device or injection-
device user. These results suggested that introducing IDegLira 
might be useful for improving HbA1c when previously used 
injection-based therapy did not help in achieving HbA1c tar-
get. Recent studies using continuous glucose monitoring have 
shown that IDegLira improves mean glucose and glycemic 
variability without increasing the risk of hypoglycemia com-
pared to the combination of IDeg and dipeptidyl peptidase-4 
inhibitors [27]; in addition, it is characterized by a greater in-
crease in time in range compared to insulin degludec/insulin 
aspart (IDegAsp) [28]. Elderly patients on insulin therapy are 
known to be at risk of hypoglycemia regardless of their HbA1c 
level, and the risk increases with the duration of disease [29, 
30]. The previously reported RWD [27, 28] in Japanese pa-
tients with T2DM and the one reported in the present study 
suggest that IDegLira may be a means of treatment intensifica-
tion with less hypoglycemic risk for patients who have had an 
inadequate response to existing treatments, including insulin 
therapy.

Our study showed that residual endogenous insulin secre-
tion is a requirement for achieving the target HbA1c by IDe-
gLira (CPI ≥ 0.953). Some studies in Japanese patients with 
T2DM have shown that good response to liraglutide requires 
residual endogenous insulin secretion. In a detailed analysis 
by Usui et al, the CPI cut-off level for achieving < 7% HbA1c 
after 1 year of treatment with the combination of basal insulin 
and liraglutide was 1.103 [31]. In contrast, the CPI required 
to achieve HbA1c < 7.0% after 54 weeks of liraglutide initia-
tion was higher (CPI 1.86) in patients with T2DM who started 
liraglutide monotherapy or sulfonylurea combination therapy 
[32]. Our results showed that CPI cut-off level to achieve 
HbA1c of < 7.0% after initiation of IDegLira (at 6 months) 
was approximately 1.51 (Supplementary Material 1, www.
jocmr.org). Although sufficient endogenous insulin secretion 
is required to achieve good glycemic control with GLP-1RA 
alone, using the combination of basal insulin and liraglutide 
at a CPI of 1.0 - 1.1 may be a simpler approach to achieve the 
target HbA1c than using BBT, as shown in this study and the 
study conducted by Usui et al [31]. Our study was conducted 
for a relatively short time (6 months after the introduction of 
IDegLira). If we follow up these patients for more than 1 year, 
we can possibly increase IDegLira dose and probably reduce 
HbA1c below 7% even if the CPI is approximately 1.0. The re-
sults of our study indicate that target HbA1c may be achieved 
with the introduction of IDegLira in a relatively short period 
of time (6 months) based on the patient’s background. Nota-
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bly, 30 patients used long-acting GLP-1RA (liraglutide, nine 
patients; dulaglutide, 21 patients) before IDegLira initiation. 
Long-acting GLP-1RA stimulates endogenous insulin secre-
tion [33], thereby increasing fasting CPR and consequently 
increasing fasting CPI. The utility of assessing CPI during 
long-acting GLP-1RA administration should be assessed in 
the future. In this study, CPI was significantly higher in long-
acting GLP-1RA users (CPI: 1.90 ± 1.27) than in non-users 
(CPI: 1.19 ± 0.50) (P = 0.03), but there was no significant 
difference in the change in HbA1c 6 months after IDegLira 
administration between the two groups (P = 0.31). Moreover, 
evaluation of CPI while using long-acting GLP-1RA may be 
a useful predictor of HbA1c improvement caused by the in-
troduction of IDegLira, if values are retained to CPI around 
1.0. In patients with and without diabetic nephropathy (DN), 
CPR was significantly higher in patients with DN, but CPI was 
not different. There was no difference in HbA1c change from 
baseline 6 months after introduction of IDegLira by presence 
of nephropathy (Supplementary Material 2, www.jocmr.org). 
Since there were few patients with advanced renal impairment 
in this study, it is possible that DN status (degree of eGFR and 
proteinuria) did not affect the effect of IDegLira.

Some limitations of this study should be considered. First, 
this was a single-armed retrospective study with a small sam-
ple size and no comparator drug. The potential confounding 
effect of some of the patient background characteristics could 
not be accounted for in the analysis. Adverse events such as 
hypoglycemia and GI events may also have been underesti-
mated. Second, data on the changes in body weight were miss-
ing and could not be examined. Third, we could not collect 
physical activity. The degree of physical activity might also 
affect the effectiveness of IDegLira, but could not be exam-
ined. Finally, endogenous insulin secretory capacity is not nec-
essarily limited to the data immediately before the introduction 
of IDegLira, but insulin secretory capacity may have changed 
at the time of IDegLira introduction due to persistent hyper-
glycemia. Lack of adequate data on non-fasting CPR and uri-
nary CPR prevented in-depth assessment of pancreatic β-cell 
function. In conclusion, this study showed that the initiation of 
IDegLira was useful in lowering HbA1c in Japanese patients 
with inadequate glycemic control with existing therapies (in-
cluding insulin and GLP-1RA) in a real-world clinical setting.

Supplementary Material

Suppl 1. Pancreatic β-cell function for achieving HbA1c un-
der 7%. Optimal CPI cut-off point: 1.507 ng/mL per mg/dL, 
AUC: 0.712, 95% CI: 0.589 - 0.835, specificity: 85.4%, sen-
sitivity: 51.9%. ROC: receiver-operating characteristic; CPR: 
C-peptide immunoreactivity; CPI: C-peptide index; HbA1c: 
glycated hemoglobin; AUC: area under the curve; CI: confi-
dence interval.
Suppl 2. Pancreatic β-cell function (CPR and CPI) in with or 
without diabetic nephropathy (DN) (a, b). Change in HbA1c in 
with DN and without DN after initiation of IDegLira (c). Data 
are presented as mean with 95% CIs. P-value for comparison 
of CPR and CPI between with DN or not by Mann-Whitney 

U-test. *P < 0.001 by Wilcoxon signed-rank sum test (vs. BL 
HbA1c). CPR: C-peptide immunoreactivity; CPI: C-peptide 
index; HbA1c: glycated hemoglobin; IDegLira: insulin deglu-
dec/liraglutide; CIs: confidence intervals; BL: baseline; DN: 
diabetic nephropathy.
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