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Abstract

Background: Insulin degludec is a novel ultra-long-acting basal 
insulin, which is used clinically first in Japan. We aimed to study 
efficacy of insulin degludec compared with insulin glargine in pa-
tients with type 1 diabetes, by using continuous glucose monitoring 
(CGM).

Methods: Patients studied were 4 Japanese patients with type 1 
diabetes treated by the basal-bolus insulin therapy. We studied the 
influences of switching from insulin glargine to insulin degludec 
on parameters for glycemic variability using CGM for consecutive 
three days. Parameters studied for glycemic variability include the 
24 h mean glucose levels, standard deviation (SD) values of 24 h 
glucose levels, M-values, mean amplitude of glycemic excursions 
(MAGE) values, 24 h area under the glucose curve (AUC), time 
in hypoglycemia and time in hyperglycemia. We compared these 
CGM data using insulin glargine with those using insulin degludec.

Results: Although a statistically significant difference was not ob-
tained, 24 h mean glucose levels, 24 h AUC, SD values of 24 h glu-
cose levels, MAGE values and time in hyperglycemia were smaller 
in the insulin degludec treatment as compared with those in the in-
sulin glargine treatment. M-values in the insulin degludec treatment 
were significantly smaller than those in the insulin glargine treat-
ment. Although a significant difference was not observed in time in 
hypoglycemia, hypoglycemia was developed in the patient during 
the treatment using insulin degludec.

Conclusions: The present study showed that the switching from in-

sulin glargine to insulin degludec as basal insulin improved glyce-
mic variability in patients with type 1 diabetes. To our knowledge, 
this is the first to report efficacy of insulin degludec compared with 
insulin glargine in patients with type 1 diabetes by using CGM.

Keywords: Continuous glucose monitoring; Hypoglycemia; Insu-
lin degludec; Insulin glargine; Type 1 diabetes

Introduction

Insulin degludec is a novel ultra-long-acting basal insulin 
which acts for 24 h or more, and has been suggested to have 
low risk of hypoglycemia due to a peakless pharmacody-
namics [1]. Insulin degludec is a neutral, soluble, ultra-long-
acting basal insulin analog. The threonine amino acid resi-
due at B30 is deleted and a fatty acid (hexadecanedioic acid) 
is added to the lysine at B29 via a glutamic acid spacer [1]. 
Following a subcutaneous injection, insulin degludec forms 
a depot of multihexamer chains and these multihexamers 
gradually disassemble into active monomers that are slowly 
absorbed into the circulation [2, 3]. Therefore, there is stable 
release of insulin degludec from the subcutaneous depot, re-
sulting in stable glucose lowering profile with a long dura-
tion of action (> 42 h) [1]. This newest basal insulin is used 
clinically first in Japan and there were no studies that have 
investigated daily glycemic variation in patients with type 1 
diabetes.

Two basal insulin analogs have been commonly used 
in medical practice. Insulin glargine has peakless action for 
24 h, and has a neutral effect on cardiovascular outcomes 
and cancers [4], although it has been previously reported to 
be associated with an increased risk of malignancy [5, 6]. 
However, it is still suggested to increase hypoglycemia and 
weight modestly [4]. Another long-acting insulin analog, in-
sulin detemir, is well tolerated in the treatment of patients 
with type 1 or 2 diabetes. Insulin detemir has reduced gly-
cemic variability compared with glargine [7], and it can also 
be used safely in pediatric patients and pregnant women with 
type 1 diabetes [8]; however, its duration of action is shorter 
than insulin glargine. Although these two basal insulin ana-
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logs have improved the treatment of patients with diabetes, 
they cannot always work as an ideal basal insulin.

Zinman et al assessed efficacy and safety of insulin de-
gludec compared with insulin glargine in insulin-naive pa-
tients with type 2 diabetes and showed that insulin degludec 
provided comparable glycemic control to insulin glargine 
without additional adverse events, and they suggested that 
insulin degludec might reduce the dosing frequency due to 
its ultra-long action profile [9]. Furthermore, a recent study 
showed that insulin degludec can be dosed flexibly at any 
time of the day without compromising glycemic control or 
safety [10]. Rates of hypoglycemia, nocturnal hypoglycemia 
and adverse events by using insulin degludec were equal to 
those by using insulin glargine [10]. These characteristics of 
insulin degludec may improve basal insulin adherence by 
allowing injection-time adjustment according to individual 
needs.

The aim of this study is to investigate efficacy and safety 
of insulin degludec compared with insulin glargine in pa-
tients with type 1 diabetes using continuous glucose moni-
toring (CGM).

Materials and Methods

Subject

The participants studied were 4 patients with type 1 diabetes 
who had already been treated by basal-bolus insulin therapy. 
They injected insulin glargine once daily as basal insulin. 
All patients gave their written informed consent to use their 
data in the study. Characteristics of the participants studied 
are shown in Table 1. The protocol of this study is shown 
in Figure 1. Briefly, the participants studied were given the 
following hospital diets: patient 1 was given 1,800 kcal/day 
(30 - 35 kcal/kg), patient 2 was given 1,600 kcal/day (25 - 30 
kcal/kg), patient 3 was given 1,400 kcal/day (25 - 30 kcal/
kg), patient 4 was given 1,400 kcal/day (25 - 30 kcal/kg), 
according to standard weight and daily activity level. We 
performed an intensive glycemic control of all patients by 
using insulin glargine and ultra-rapid acting insulin analogs 
(insulin lispro or insulin glulisine), to obtain good and stable 
glycemic control before the switching to insulin degludec 
after admission. We evaluated their glycemic control using 

Table 1. Clinical, Biochemical and Immunological Characteristics of Patients

Patients 1 2 3 4

Age (years old) 30 48 55 68

Sex Female Male Female Female

Duration of disease (years) 11 12 3 33

Height (cm) 154.7 170.0 157.6 148.5

Weight (kg) 55.1 55.8 63.9 56.6

Body mass index (kg/m2) 23.0 19.3 25.7 25.7

HbA1c (%) 11.0 9.5 10.0 7.4

Serum C-peptide levels (ng/mL) 0.08 0.06 0.11 0.46

Urinary C-peptide levels (μg/day) 1.9 8.1 8.2 25.3

Anti-GAD antibodies (U/mL) < 0.3 < 0.3 7,200 21.0

Anti-IA2 antibodies (U/mL) < 0.4 < 0.4 5.1 < 0.4
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a CGMSR GoldTM (Medtronic, Inc., Northridge, CA) for con-
secutive three days. Subsequently, we switched their basal 
insulin to insulin degludec at the same dosage. We again 
evaluated their glycemic control using CGM for consecu-
tive three days at three days after the switching from insulin 
glargine to insulin degludec. We basically did not change the 
dosage of bolus and basal insulin during the study period; 
however, we adjusted the dosage of insulin when they de-
veloped hypoglycemia. CGM data of day 2 were analyzed.

A few minutes delay occurs with CGM in the glucose 
measurement because it involves the use of interstitial fluid. 
Inaccuracy in the glucose measurement during hypogly-
cemia was also reported [11]; however, it was adjusted for 
self-measured blood glucose (SMBG) values measured more 
than four times a day. We evaluated parameters including 24 
h mean glucose levels, standard deviation (SD) values of 24 
h glucose levels, M-values [12], mean amplitude of glycemic 
excursions (MAGE) values [13], 24 h area under the glucose 
curve (AUC), time in hypoglycemia (< 70 mg/dL) and time 
in hyperglycemia (> 180 mg/dL). M-values were calculated 
from individual variability of 7-point capillary blood glu-
cose levels (BS) (before breakfast, 2 h after breakfast, before 
lunch, 2 h after lunch, before dinner, 2 h after dinner and be-
fore sleep) measured by SMBG defined as follows: M value 
= [10 × log(BS/120)]3 [12].

Statistical analysis

All statistical analyses were performed using SPSS version 
19 (IBM Co., Ltd, Chicago, USA). Mann-Whitney U test 
was applied for comparison of CGM data between the in-

sulin glargine treatment and the insulin degludec treatment. 
The difference was considered statistically significant by ob-
taining P value < 0.05.

 
Results

The patients studied were insulin-dependent and both serum 
and urinary C-peptide levels were significantly decreased 
except for patient 4 whose endogenous insulin secretion was 
not completely exhausted in spite of the existence of anti-
GAD antibody.

The insulin units used for insulin glargine and insulin 
degludec were shown in Table 2. The total dosage of bolus 
and basal insulin were decreased in two patients but there 
was no significant difference in bolus, basal and total insulin 
dosage between the insulin glargine treatment and the insulin 
degludec treatment.

Glycemic variability of patients assessed by CGM be-
fore and after the switching from insulin glargine to insulin 
degludec as basal insulin was shown in Figure 2. Hypogly-
cemia was developed in patient 3 during the treatment using 
insulin degludec (Fig. 2) (arrows). All parameters assessed 
by CGM were shown in Table 3. Although a statistically 
significant difference was not obtained, 24 h mean glucose 
levels, 24 h AUC, SD values of 24 h glucose levels, MAGE 
values and time in hyperglycemia were smaller in the in-
sulin degludec treatment as compared with those in the in-
sulin glargine treatment. M-values in the insulin degludec 
treatment were significantly smaller than that in the insulin 
glargine treatment. Although a significant difference was not 

Figure 1. The protocol of the present study. CGM, continuous glucose monitoring.
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Figure 2. Changes of the 24 h glucose variation in four patients with type 1 diabetes, by switching from insulin glargine to 
insulin degludec, monitored by continuous glucose monitoring. Patients 1 - 4 correspond with Patient 1 - 4 in Table 1 and Table 
2. The 24 h glucose variation in the upper row and the lower row indicate the 24 h glucose variation by using insulin glargine 
and insulin degludec, respectively. Blue small boxes and black arrows indicate adjustment for continuous glucose monitoring 
by self-measured blood glucose, and the development of hypoglycemia (< 70 mg/dL).
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obtained, time in hypoglycemia was larger in the insulin de-
gludec treatment than that in the insulin glargine treatment.

Discussion
  
This study evaluated efficacy and safety of insulin degludec 
compared with insulin glargine in patients with type 1 dia-
betes, using CGM. Insulin degludec is an ultra-long-acting 
basal insulin analog that has a peakless and stable glucose 
lowering profile with a long duration of action [1]. In clini-
cal trials, insulin degludec achieved similar glycemic con-
trol to that with insulin glargine in patients with type 1 or 2 
diabetes, with a lower risk of noctural hypoglycemia [7, 9, 
10, 14]. However, these studies assessed glycemic control 
by using with SMBG values and primary endpoint was the 
change in HbA1c from baseline. Daily glycemic variation 
and unaware hypoglycemia could not be sufficiently studied. 
CGM is associated with improvement in glycemic control in 
patients with type 1 diabetes and also detects the develop-
ment hypoglycemia easily, which results in reduction of the 
development of hypoglycemia [15, 16]. It is very important 
to evaluate daily glycemic variation in patients with type 1 
diabetes by using the newest basal insulin analogue, insulin 
degludec, by monitoring using CGM.

The present study demonstrated that the insulin degludec 
treatment was significantly associated with smaller glycemic 
variation than the insulin glargine treatment, judging from 
the result of M-values. Although a significant difference was 
not obtained, values for 24 h mean glucose levels, 24 h AUC, 
SD of 24 h glucose levels, MAGE were smaller in the insu-
lin degludec treatment as compared with those in the insulin 
glargine treatment, supporting the result of M-values. Our 
result suggests that insulin degludec leads to better glycemic 

variability as compared with insulin glargine, which could 
not be assessed by SMBG.

In patients with type 2 diabetes, steady state was ob-
tained in 2 - 3 days with subcutaneous administration of 
once-daily insulin degludec [17]. We observed changes in 
blood glucose levels for 3 days prior to CGM after switching 
from insulin glargine to insulin degludec, therefore, serum 
concentration of insulin degludec was supposed to reach the 
steady state. We believe that improvements in glycemic vari-
ation by switching from insulin galargine to insulin degludec 
were induced by an excellent clinical efficacy of insulin de-
gludec. Our patient developed hypoglycemia by switching 
from insulin glargine to insulin degludec. Her hypoglycemia 
occurred around 4 am. The frequency of nocturnal hypogly-
cemia has been significantly lower in patients with type 1 
or 2 diabetes treated by using insulin degludec than patients 
treated by using insulin glargine [10, 14, 18, 19]. Longer du-
ration of action or higher potential to reduce plasma glucose 
of insulin degludec as compared with insulin glargine might 
have induced hypoglycemia. However, we did not observe a 
significant difference in time in hypoglycemia between the 
insulin degludec treatment and the insulin glargine treatment. 
Meanwhile, it is possible that insulin degludec increased the 
risk of major adverse cardiovascular events (hazard ratio 
1.67) [20] and the US Food and Drug Administration asked 
to conduct further cardiovascular safety studies. To under-
stand hypoglycemia development and the risk of adverse 
cardiovascular events during the insulin degludec treatment, 
further studies, preferentially including greater number of 
patients, should be performed in the future.

Several limitations of this study need to be addressed. 
First, number of patients studied was too small. We should 
investigate with larger sample size to make sure statistical 
validity in the future. Second, study duration was relatively 

Insulin glargine Insulin degludec P value*

24 h mean glucose levels (mg/dL) 193.5 ± 57.0 119.6 ± 28.7 0.057

24 h area under the glucose curve (× 104 mg/dL•min) 27.9 ± 6.21 17.2 ± 4.09 0.057

SD of 24 h glucose levels 50.8 ± 16.3 28.8 ± 14.7 0.083

M-value 156.8 ± 135.7 10.6 ± 7.0 0.021

Mean amplitude of glycemic excursions 92.4 ± 36.1 56.1 ± 33.5 0.309

Time in hyperglycemia (> 180 mg/dL) (min) 567.5 ± 486.3 32.5 ± 268.0 0.083

Time in hypoglycemia (< 70 mg/dL) (min) 0 0 ± 42.5 0.317

Table 3. Changes in Parameters in Glycemic Variability by Switching From Insulin Glargine to Insulin Degludec, Moni-
tored by Continuous Glucose Monitoring

Data present as median ± quartile deviation. *Statistical analyzed were done by the Mann-Whitney U test.

144                                                                                                                                                                                                                                                                                                                                                                                                                                             145



J Endocrinol Metab. 2013;3(6):138-146Hamasaki et al

Articles © The authors   |   Journal compilation © J Endocrinol Metab and Elmer Press Inc™   |   www.jofem.org

short and thus efficacy of insulin degludec might have been 
unstable. We will again evaluate the glycemic control of pa-
tients treated by using insulin degludec after several months.

Conclusions

The present study showed that the switching from insulin 
glargine to insulin degludec as basal insulin improve gly-
cemic variability in patients with type 1 diabetes who were 
treated by the basal-bolus insulin therapy. To our knowledge, 
this is the first to report efficacy of insulin degludec com-
pared with insulin glargine in patients with type 1 diabetes 
using CGM.
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